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Ahmeditations 


Fascinating things—figures I—Í mean, the sort you learn at 
school —you know, arithmetic and ali that. You come across 
an item like “Electricity produced by public utility power 


stations in India amounted to 1,038:2 million KWH in August, - 


says an official Press release.” —Makes you think, doesnt's it ? 

It made me think !—I know what KWH stands for—Kilo 
Watt Hours—see ! 1,0382 million is more than I can absorb. 
Even at school my teachers used to say I would be the death 
of them when they were trying to teach me how to count up 
to 100. i 

And while I am still fascinated with any figyre over one 
million, it would be so much more fascinating if official Press 


releases let themselves go a bit as they do in the private 
sector. 


You read an announcement that a particular airline has 
just completed one million flying miles. But then they go 
on to tell you that is equal to “so-many-times-round-the- 
world.” This brings it down to your level of intelligence. 
They go a step further and tell you it is equal to two trips to 
Venus and back—which brings it down to mine—space—cosmic 
leyël. : 

“So why can’t we be told how many table fans, refrigera- 
tors, air-conditioners and hair-dryers would work for how long 
on 1,088:2 million KWH—Not that it would mean anything 
more to me, but it would be so much more fascinating. Don’t 
you think ? 


From the Hindustan Times dated 9th December, 1958. 
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Foreword 


The world we live in is a marvel of man's mastery over his 
environment. Through the explosive development of the 
natural sciences we now predict, control and understand 
phenomena to an extent never fully envisioned throughout 
the millions of years of human development prior to the 
current century. The scientific revolution has maximized 
opportunities for human happiness, and through its technical 
arms, is providing material wealth and long and healthy lives. 
New knowledge and the process by which it is obtained, 
promise a spiritual fulfilment unavailable from the dry bones 


of fatalism and mysticism. 


Fundamental to the conquest of nature by the scientist has 
been his method of approach to the unknown. Facts and 
understandings bring the scientist to the frontier, but it is 
scientific methodology that extends the frontier of know- 
ledge. 

For the student of science—for the citizen who must live in 
harmony with the times and participate constructively in a 
scientifically impacted society—information alone does not 
create literacy. The individual must learn through personalized 
experience the manner in which new knowledge is won from 


its natural ore. 


Narendera Vaidya is a pioneer in science education. From 
his experience as an effective teacher of physics and curriculum 
and methods in science courses, his experimental studies on 
problem solving in English grammar schools, and his commit- 
ment to scour the research literature for new ideas about 
problem solving in science, he has assembled and composed 
this treatise. 

Problem Solving in Sicence provides the Indian science 
teacher with a new rationale for realizing process objectives in 


Gi 


teaching. The reader is confronted with a plethora of defini- 
tion and is dragged through the diffuse labyrinth of the 
theoretical foundations of science teaching. But a comprehen- 
sive review of the research literature of educational pyschology 
generates hope that a framework in problem solving theory 
isemerging. The author's own experimental work reinforces : 
the conviction that science teaching based upon problem 
solving, and not merely the transmission of information, can 
significantly raise the level of scientific literacy for the citizen 
and accelerate the rate of production of practising scientists. 
The day when school science is taught and learned in the 


manner in which science is created by man has been brought 
nearer by Problem Solving in Science by Narendera Vaidya. 


Irwin L. SLESNICK 

Professor of Biology, 

Western Washington State College & 
August 1967 Science Education Adviser 

United States Agency for International 

Development, New Delhi 
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Preface 


Possibly excluding a few science teachers and schools, the 
teaching of science in our country is dull, dead, mechanical, 
absolutely boring and devoid of any constructive imagination. 
The reasons for the same are not at all difficult to find—the 
most important and blind being the inelastic examination 
approach to teaching science by the science teachers and 
learning by the students. (This argument is applicable to 
General Science as well). This pays both of them dividends— 
less effort on the teacher’s part for he uses mechanical approach 
(even Skinner, the advocate of teaching machines will not be 
too much pleased with them) and more marks for the student 
in the examination for his highly mechanical, set and routinized 


* habit of thinking and doing appear to pay him off handsomely. 


This, for the student, is also the path of least resistance. It is 

no wonder then that most of our science students and possibly 

teachers cannot think effectively and independently for them- 

selves. The last part of the preceding statement is highly 

disturbing for this nascent nation, because an independent 

and developing nation like ours cannot survive long on 

borrowed consultants, borrowed money, borrowed technical 

skills and, much worse in borrowed thinking and carbon copy 

type of working, habits (imitation) especially when our country 
is heavily committed to science, technology, and industrializa- 

tion. I hardly need stress the fact that for achieving this 
industrial revolution, science teaching in our country has 
to be radically different from the one that prevails to-day 
in the light of the problems (philosophical, p sychological, 
sociological, technical, scientific etc.) with which we are faced 
to-day, particularly speaking, as a result of long colonial 
rule. These are too difficult problems for the author to 
answer ; he, therefore, attempts little in this book. r 


(viii) 


The object of all education and especially of science and 
mathematics, in the words of Sir John Newson, is “to produce 
questioning spirit, to make people dissatisfied with cant and 
hypocrisy, to make them want to find out and test things for 
themselves and want to go on growing". This self-direction 
is conspicuous by its absence in our approach to science 
teaching. It is here that our science teachers have to pool 
their talents and resources in science education which really 
result in the growth of scientific knowledge and temper among 
the vast body of children still at school. We should remem- 
ber that thousands of science teachers working in our schools 
today are in fact shaping the future scientific and technological 
India. Unlike in the U.S.A., the U.K. or the European 
countries including the U.S.S.R., the danger to our science 
education is much more in this country in the absence of any 
continuing debate or controversy on scientific education and 
scientific policy with special reference to school science. 


Discovery approach to science teaching, mastery of research 
operations, teaching for problem solving, scientifió method and 
the improvement of thinking and finding out things on our 
own etc., are the ferments which need to be produced, dev- 
eloped, cultured and grown in our science education towards 
the closing half of the twentieth century and even beyond 
it — because this is the future demand of the times arising out 
of the second industrial revolution. This book is, therefore, 
written for those who believe firmly in these ferments. Natural- 
ly, the book contains chapters on the outcomes of Science 
Education, the theoretical nature of thinking and problem 
solving in science, a survey of Human Problem Solving which 
incorporates and elucidates the basic ideas of the gestalt pyscho- 
logists (Wertheimer and Duncker etc.); Piaget and Inhelder ; 
Vygotsky and others ; uptodate researches on school science, 
teaching abroad, an experimental study of problem solving 
conducted by the author and tbe practical implications of 
the point of view developed in this book for first class science 
teaching. In passing, mention is made of evaluation and the 
meintenance of reflective atmosphere in our ordinary class- 


rooms. A full bibliography on problem solving is further 
appended at the end of the book. 
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Chronologically speaking, the material for the preparation 
of this book has been collected over a number of seven years 
at the Central Institute of Education library, Delhi ; Teachers 
Training College library, Udaipur; Institute of Education 

punan, London ; The Senate House, London ; Department 
of Education library, Birmingham ; Institute of Education 
library, Birmingham ; Department of Education library at 
Kurukshetra University, Kurukshetra and the Regional Col- 
lege of Education library at Ajmer. For the personalities, I 
would very specially like to thank Dr. (Mrs.) Krishna Swami, 
ex-Director of the Central Bureau of Text book Research, Delhi, 
Dr. (Mrs) Koshy, ex-Vice Principal, C.LE., Delhi, the late 
Principal P.L. Shrimali, Teachers College, Udaipur and Mrs. 
D.M. Penfold, senior lecturer in statistics and my tutor 
at the Institute of Education, London. They are the per- 
Sonaliües with whom i had serious discussions and in the 
Process have disagreed strongly on certain points right up to 
my breaking point. At the same time, I owe much to them 
for raising Controversies which have now ended for me in an 
abiding life-long interest in the whole area of thinking. Per- 
Sonally, I consider this 2 big gain. Tt has been a great pleasure 
T+ and have enjoyed myself working under each of them. 

Lastly, we science teachers in our exciting times should 
also now build an Indian Tradition of Science Teaching. For 
this, no advice is given and no suggestions are made because 
here we must first do our own home task, rely more on our 
own thinking, reach our own decisions however wrong they 
might be, rather than depend upon imported brand (stuff) or 
foreign golutions. Thus we should not remain satisfied with 
one solution alone. More alternative solutions should be 
sought, tentative stabs examined and then investigated upon 
to yield fruitful solution. We will then be rectifying our own 
thinking gradually through self-exploration, observation, 
experimentation, etc. We will thus grow in self-confidence 
and persistence. And this is Problem Solving. No one then 
need to order us about our job. This however is possible only 
if each one of us works beyond a certain minimum standard 
agreed nationally. A 
March, 1968, NARENDERA VAIDYA 
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CHAPTER ] 


Background 


TEACHING ABROAD 


Perhaps it ts the curiosity of man or some compulsive 
tendency in him that drives a man forward either in research 
orin leaving behind his permanent abode, relatives, friends, 
surroundings, and even wife and children. He does not 
then pre-arrange things but on the other hand finds a chance 
opportunity and utilizes it fully. Dissatisfaction and frustra- 
tion with self and surroundings, with hope' thrown in, 
oscillate him and bis life. This has its own advantages and 
disadvantages. Their absence implies life of calmness, 
stability, moving with a uniform speed, no make-and-break 
i n the existing scheme of things and finally no extra incentive 
in life. Their presence in one’s life otherwise implies 
developing acquaintance and friendship with nervousness, 
anxiety, fear, agony, confusion, unemployment and possibly 
jumping from hope ;to hope and even beyond. To this class 
of people, going abroad is an educative experience. He then 
encounters new experiences, meets new people having differ- 
ent backgrounds, ideas, emotions, character etc. and conse- 
quently develops new insights which he would not have other- 


wise developed. For him, then, obtaining a degree is or 


secondary importance. It is only then that the craving for 
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reaching the top starts and gains momentum later on. On 
returning home, he finds himself wholly transformed in his 
thinking, feeling, doing .and approach to the problems— 
academic, professional and personal. He develops self-con- 
fidence and an urge to attempt and accomplish bigger 


tasks at home. If this thing happens, the study visit 
abroad has paid its dividends both to the nation and the 


individual. Otherwise, his visit remains and will remain a 
paper experience" of very little use to the nation, because in 
that case he will be rcaping the fruits of his qualifications and 
experience for many many years to come due to the above 
mentioned built-in advantage, not shared by his counterparts 
who have not been abroad; for a good job to-day depends 
more ona foreign degree than on development of trained 
intelligence the Swedeshi way. 


This author stayed in England over three years (1961 - 64) 
and in this duration, he taught physics and mathematics in 
Grammar and Technical High* schools. He further observed 
intensively the working of acomprehensive and a Secondary 
Modern School meant mostly for the education of the average, 
non-academic and backward pupils. During his stay, the author 
was more impressed by the following than by any educational 
principles which we read in our education text-books. These 
Were : use of sheer commonsense and intelligence, developing 
bighly intelligent and imaginative approaches in teaching, 
making the best use not only of limited resources but of the 
worst possible resources, development of an education prog”, 
ramme according to the age, ability and aptitude of each, 
demonstration of self-confidence and persistence in critical 
situations, development and growth of self-thinking, self- 
exploration and self-instruction on one's own—and thereby to 
contribute one’s mite in those problem situations which stare 
him and his nation in the face—and a very high degree of self- 
involvement in one’s own work. A science sixth former of 
good brains does not wish to choose his future career in 
technology. On the other hand, he is very eager and keen to 
pursue a pure research career. This is the reason that 
Eng'and even to-day is one of the leading countries of the 
world so far as pure research is concerned. The author has 
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written this in the hope that a few of the above mentioned 
features might interest us in this country. No suggestions 
are made because here we must do first our own hometask, 
rely more on our own thinking and imagination rather than 
depend upon imported brand, learn our own lessons in our 
» Own situations and lastly help in the building up of an,Indian 
tradition of Science teaching. This much is enough for us. 


It is said that the British Educational System is the best 
in the world provided one can ‘survive’ it. Ours also is at the 
top in the world if it is judged by the sheer output of gradua- 
tes who can't think for themselves because they are academi- 
cally under-fed and statutorily over-examined right from the 
10th class onwards. In the end, they neither turn out as 
‘academic’ fishes nor ‘vocational fowls’ as the very course of 
higher instruction in this country is based upon fixed questions 
and fixed answers, mechanical teaching devoid of imagina- 
tion, out-moded content, absence of first hand experience 
and lastly, the very element and ferment of self-education that 
educates the scholar himself all along his way is utterly lack- 
ing in our schemes of higher education. 


Itis very difficult to describe their educational system 
because it is highly decentralized. Every teacher works in his 
own unique way because they believe rightly that the man on 
the job knows more than the Headmaster in his office. The 
most surprising thing to note is that this mutual trust. simply 
works both ways. High standards of attainment and conduct 
among those who are capable, firm faith in first hand experi- 
ence us the use of sheer commonsense rather than too much 
reliance! on philosophy and psychology, personal example 
rather than speech coupled with the virtues ofa good Chris- 
tian, strength of conviction rather than the fear of authority, 
learning by trialand errorlike Thorndike's rats, plugging of 
loopholes wherever they occur, personal freedom, respect 
for the individual and his time, etc., are some of the features 
of the English Educational System (which even à blind man 
also sees like the dropping of bricks) that are being intensively 
developed in varying degrees by a band of devoted school 


teachers. Their only qualifications are possession of reason- 
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able amount of knowledge, favourable attitude towards work 

and the development of individual interests which they in 

turn cultivate among their interested students. An outsider, 

whatever may be his leanings, will find nothing sensible in the 

English System of Education. I will be surprised if an English 

Headmaster even today is able to tell you something worth- 

while and significant about the aims and objectives of his 
school. If he becomes informal over a cup of tea, he will 

talk more of his ówn foolhardiness than of his school ideals, 
achievements and methods. This is the crust of their educa- 
tionalsystem. If you break this crust, you will find that 
there is a lot of thought, action, research and progressive 
ideas at work beneath it which make their educational system 
quite unique in character. Being one of them for a couple of 
years, I have been personally impressed by its following out- 
standing features. 


Emphasis on Quality 
Coal, fish and brains are their sole resources. They, there- 
fore, cannot risk becoming a nation of mediocres. Their whole 
educational system is geared to the *highest education of the 
higher intellectual at the state cost. At 11 plus, about 75% of 
the pupils are diverted to the non-academic type of education. 
It is interesting to note that their education is mostly of the 
Basic Education type (its few dogmas excluded) in spirit 
which our academicians not only failed to understand and 
appreciate a Dut also implemented it disappointingly and 
d overnight without adequate experimentation. 
zen the rest, the highly specialized education begins z* l1l-F- 
1 t e one gets a highly specialized sixth former who can, 
Uem y speaking, think for himself unaided. It may be 
mcn here that even among the Grammar Schools, the stan- 
rds of attainment differ very widely. A sixth former 
chooses only those subjects in which he or she is genuinely 
interested. The examination requirements are not only stiff 
but also highly demanding and exacting in nature. Roughly, 
Pur 5-7 p.c. of such pupils go to a University. Each one of 
em chooses the university of his or her choice. Depending 
upon the financial position of the parent, the county practi- 
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cally pays for all expenditure which sometimes even covers 
travel home during vacations. After the first year at the 
University, failure at the university is perhaps the minimum 
in the whole world. So places and resources are not foolishly 
wasted. 


Methods of Teaching and Education ° 
This is based upon empirical observation. They do not 
talk of any educational principles assuch as if they have 
none. Every teacher is free to experiment “and develop his 
own course of teaching. In fact most of them develop their 
own schemes of work after years of experimentation. Some- 
body somewhere is digging his own hole. I never found any- 
body bothering about child psychology. They, in fact, 
appear to ridicule the experts. Science teachers develop their 
own apparatuses and teaching aids. Their contribution in this 
respect is monumental. Practically, the whole of Science 
teaching is demonstrated before the very eyes of the pupils. 
Being intelligent observers of children and the type of envi- 
ronment they come from, teachers in small groups and on 
voluntary basis, develop special courses for the education 
both of academic and non-academic pupils. The very charac- 
teristic of their work is variety (and not publicity!) rather 
than uniformity which takes into account the local variations. 
Nobody talks in the air. If he does, he is ridiculed for he 
has not experimented his ideas even on his own children. 
During my stay there, I did not discover any methodology 
of teaching except the use of instinct, commonsense, perso- 
nal observation and experimentation and the very pursuit of 
ideas that appeal to them and possibly also show some 
promise. For example, ideas of Piaget, a Swiss psychologist, 
are increasingly becoming popular with the primary school 


teachers. 


Examinations 
Emphasis is on education rather than on examination. 


Consequently, examination is not compulsory for all, only 
those take examinations who think they can. At the G.C.E. 
(O Level) all papers are first marked and the pass fail point 
is decided on the basis of a curious average which varies 
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between 47% to 52% in each paper. One can pass G.C.E. 
with one subject, two subjects and even 10 to 12 subjects 
depending upon one's capacity. Papers are first marked 
numerically and the result is then announced in grades. 
There is, therefore, no overall first class, second class or 


third ‘class. Everybody ‘is given a grade in the subject ° 
examined. Grade one is the highest. 


For those who are not capable of taking G.C.E., they are 
now instituting a new examination called C.S.E. which is 
practically teacher-dominated. Certificate of Secondary Edu- 
cation is one of the most imaginative examinations conducted 
anywhere possibly including U.S.S.R. This is so because it is 
developing out of the practical difficulties facing the kids and 
their teachers. It may be added here that it is not the short 
version of the G.C.E. examination. It even tends to test 
thinking not tapped by the existing G.C.E. question papers. 
Sixth Form 


These are generally the last two years at school. The 
element of self-education is enforced at this stage. They have 
a few regular periods. Rest of the school time is planned 
according to the needs and aptitudes of each. They are 
largely made to work on their own. It will not be out of place 

to mention that special situations are designed by the school 


Fees or on group basis where most of the sixth formers may 
evelop responsibility, initiative, 


ition to details, consideration and concern for others and 
L: the development of personal Conscience. A sixth — 
When he or she i = eae 
vids E is asked to comment freely upon any issue. 
aes Ex m Specialize in one, two or three subjects of 
Subjects if th Sd can also add a few more ordinary level 
die ey Want to. Excursions, visits to definite places 
ate sie interest and group discussion on current prob- 
Seat Sood attention. Along with specialization, 
general education is also emphasized. 
- No decision i SIS decd i 
xt Sion is made on a single question paper. There 15 


fuel assessment because it is not only not likely to be 
ed but also to be misunderstood. 


resourcefulness, ingenuity, 


In our country, 
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a single question “paper decides so many things : scholarship 
cases, first class, second class and third class and even 
failures. A student is declared failed if he fails say in mathe- 
matics. That is not so in England because only a devil 
there can set such a type of examination for ail the above- 

© mentioned categories of pupils. My impression is,that a 
sixth former is 2-3 years ahead in trained intelligence with 
respect to our first class students of the same age. 


^ 


School Inspection 
The inspection of schools is both human and humane. It 
is generally advisory and optional. No one is afraid of the 
inspector—neither students nor teachers. In my class, the 
H.M. inspector started questioning one of the back benchers 
on her various steps reached in the solution of a physics 
problem. When exhausted, she (age 14 plus) blurted out 
“Thanks for your questioning. I wish you could please mind 
your own business; you know, Mr. Vaidya is my teacher’. 
The inspector gave an apologetic look when he related this. 
incident to me. At the end, the inspector thanked me for 
allowing him to inspect my class. Other Indian teachers in 
other English schools also spoke to me of such experiences. 
Salary is automatically fixed by the Ministry of Education 
on the basis of age, qualification, and experience. My teach- 
ing experience in India was duly recognized. The education 
office does this job for you and you need not visit their 
premises even once. There is shown ample consideration 
for other’s time, money had overt concern for his well-being. 
At my last school, I was interviewed by my Headmistress. 
quite fate after the school hours so I had not to take after- 
moon off from my school. Ina few words, she described the 
whole school and her difficulty in finding a good physics. 
master. She hardly put me any questions like the ones 
asked at the Public Service Commission interviews. She then 
showed me round the Physics Laboratory and the school. 
In my heart of hearts, I thought I might miss the late hourly 
train. All business concluded, she gave me a lift back to the 
station and advised me to have a jolly good dinner on the 
train. 


PROBLEMS SOLVING IN SCIENCE 


Robbin’s report on higher education and Newsom's report 
on secondary education have pointed out the glaring defici- 
encies in the British Educational System. Hunger for learn- 
ing is more perceptible and wide-spread in our country than 
in theirs. For about the middle 50% of the pupils at the 
secondary stage, the school still remains a ‘bloody school’ 
Most of them are still at school because of Home Secretary’s 
rule. Their lot has yet to be improved in comparison to the 
Grammar Schoel children in spite of the fact that each pupil 
^* the secondary stage costs over Rs. 1500 per year to the 
county. Educational revolution is well ahead now replacing 
3 R's (reading, writing and reckoning) by 3 A's (age, ability 
and aptitude) for all children of all people (2). 


Science Teaching in England 


Science teaching in England has a comparatively short 
history. Its origin can be traced back to the last century and 
a half and even at that time, it did not constitute part of 
undergraduate courses. British Universities even then hardly 
contributed to scientific thought. Moreover, response to 
Science courses at that time was quite poor. The state of 
Science teaching of those times can be judged from the follow- 
ing statements. 

` 1. About a hundred years ago, Sir Lyon Playfair empha- 
sized the importance of science teaching in the Primary 
Schools through first-hand observations, experimentation and 
manipulation. Children must “question authority and demand 
proof". He said further that the **whole yearnings of a child 
are for the natural phenomena around—yet of these be is not 
taught one fact—as soon as he comes into the school room, all 
natural God-born instincts are crushed out of him". They are 
merely “crammed with facts which they vomit forth before the 
examiner-words have taken the place of concepts". In science 
teaching this tendency needed to be reversed as he further 
said, “The pupil must be brought in face of the facts through 
experiment. He should pull the plant to pieces and see how it 
1s constituted. He must vex the electric cylinder till it yields 
him its sparks". It is no wonder then that the children fail to 
answer the ‘Commonest scientific question’. Without any 
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thought, he enters into the world of work. His more telling 
comment comes when he refers about a committee at the 
House of Commons engaged in studying the blowing up of the 
steam engine boilers where a little knowledge of Physics could 
be more helpful (3f). 


2. The great Cambridge Mathematician Todhurter de- 
nounced experimental demonstration in Physics. According to 
him, it has a **demoralising influence on boys". At the same 
time, he suggested that the boys should "simply trust the 
teacher's word" (3k). 


3. In 1850-52, the Professor of Chemistry gave the 
following evidence to the then Royal Commission...**there is 
no residence, museum, library, collection or apparatus atta- 
ched to the professorship...... and there are no funds for this 
purpose. There are no opportunities afforded to students for 
instruction in the actual manipulation of instruments...... 
Hitherto, the study of chemistry has not only been neglected 
but discouraged in the University as diverting the attention to 
pupils from what have been considered their proper academic 
studies" (3k). 


4. A letter dated 11 November, 1859, from the Union of 
Lancashire and Caeshire, Institute to the Committee on 
Education shows:— 


“Not to trouble your Lordship with too much detail, 
I would observe that the utter absence of not only 
any systematic instruction in science but of any 
instruction whatever, even for a superficial or 
desultory character, in the small and large towns of 
England and even in the great centres of machine 
making and manufacture, is one of the most out- 
standing marvels perhaps in the whole history of 
our wonderful progress as a manufacturing and 
commercial people” (3a). 


Five years later, this situation is further reflected by the 
report of the Royal Commission on Nine Public Schools in the 
form of a question addressed to Sir Charles (one of the wit- 
nesses) to which he nodded yes......“At all the public and 
private schools that you know, physical science and natural 
history are altogether omitted, are they not? Expect such 
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few instances as do not interfere with the general rule". (3a 
and 3b) 


But ‘at the same time, Faraday, Spencer, John Tyndall, 
T.H. Huxley, Canon J.H. and Wilson advocated the utilitar- 


ian and disciplinarian values of science teaching. Amateurs 


like Cavendish, Priestley, James Watt and Herchel made great. 
advances in science during the nineteenth century. Socie: 
ties like the Society of Arts of London (1754), Lunar Society 
of Birmingham (1766), The Literary and Philosophical 
Society of Manchester (1781), and Royal Institution of 
Great Britain (1799) made a big impact on popular opinion. 
The development of Mechanics Institutes during the eighteen- 
th and nineteenth centuries and finally the Great Exhibition 
of 1851 really aroused nation's interest in Science and Techno- 
logy. The establishment of science school at Cambridge 
(1851) and Oxford (1853) was an important Jandmark. The 
founding of Science and Art Department (1870) and the 
Science Masters’ Association and the Association of Women 
Science Teachers (and both now fused) is the most important 
factor that has influenced the present day science teaching à 
great deal. 

However, two personalities namely Prof. Armstrong and 
Mr. Sanderson who made immense personal impact on Science 
Teaching in schools need special mention in this connection. 
The former believed that all beginners in science should be 
put in the position of Original Observers. His aim through 
his *Heuristic Approach' to science teaching was to develop: 
“scientific habits of mind, through-fulness and power of 
seeing, accuracy of thought, of word and action”. He even 
went to the extent of developing actual courses of instruction 
which were later called British Association Schemes and were; 
in fact, put into practice in forty schools in London. Later 
on, after some modifications, his schemes were accepted by 
the Headmasters’ Association. Apart from some artificiality 
in his schemes of work, his schemes failed to develop the 
system of exhaustive inquiry as distinct from traditional 
teaching among the secondary school pupils. 


Sanderson, on the other hand, believed in bringing his 


pupils as quickly as possible to the real frontiers of the 


! 
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subject itself so that they could be easily initiated into solving 
current problems at that time. In 1917, both of them as 
members of the British Association pointed out the neglect 
of teaching of Science ‘as a ‘body of inspiring principles and. 
ruly humanising influence’ which resulted from too much 
concentration on experimental methods. They further sug- 
gested that “History and Biography enable comprehensive 
view of science to be constructed which cannot be obtained 
by laboratory work”. In 1918, Thomson's report commented: 
on Heuristic Method as follows :— 
“The spirit of enquiry should run through whole of 
the science work and everything should be done to 
encourage it, but it seems clear that the heuristic 
method can never be the main method by which a 
pupil acquires scientific method and knowledge. He 
cannot expect to rediscover in his school hours all 
that he may be fairly expected to know; to insist 
that he should try to do this is to waste his time and 
opportunities" (3a). 
In conclusion this experience of 150 years has not been 
a bad educative experience. Formation and information 
cannot be exclusive or independent of each other. However, 
these two extreme approaches have resulted in the build up 
of the “English Tradition of Science Teaching" whose main 
ingredients are: (1) Reluctance to change, (2) Emphasis on 
empiricism in contrast to too much theorizing, learning 
science by personal experience (3) Development of interest 
and curiosity through imaginative approaches, (4) Emphasis 
on practical work (individual to group (5) Empirical 
study of the facts first as compared to specialized and theore- 
tical treatment and lastly the degree of specialization at the 
sixth form level in schools (32a). 


The Nuffield Foundation (April 4, 1962) has now picked up: 
the threads of still progressive science education imaginative 
enquiry rather than dogmatic assertion, judging evidence rather 
than memorizing scientific facts and conclusions unreflect- 
ively, training — rils to ask questions, to raise questions, to: 
plan experiments and to criticize the evidence offered (first- 
hand and secondhand) and lastly to concretize the spirit o 
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enquiry, examination and exploration by making it a worth- 
while and profitable classroom activity. Attempt is being 
made to develop suitable courses in “Science For All”? for 
meeting the requirements of both citizens and specialists in 
the closing half of the twentieth century. Practising teachers 
themselves are engaged in this task. They are being support* 
ed in their work by the consultative committees consisting of 
persons of high academic repute, teaching aids group and 
the ministry of education officials. Six different courses are 
being tackled first—three courses in physics, chemistry and 
biology for the average and above average pupils in the 11 to 
16 age group; science for the average and below average 
pupils in the same age range; mathematics for those under 13 
years of age and lastly science for those under 11 years of 
age. It may be pointed out here that unlike American pro- 
jects, emphasis in Nuffield Science Foundation Project is 
more on the development of imaginative approaches to 
science teaching rather than the change of content. This is 
£2,50,000 long-term project. Its first progress report cover- 
ing work over period of eighteen months was issued by the 
Nuffield Foundation in October 1963 and is available free of 
cost from the Nuffield Headquarters in London (3d and 3g)- 
The second progress report has also been published now. The 
Nuffield material is now available in the market. 


Science Teaching in India 


It is a paradox that India is a rich country but is full of 
poor People. And that in its ancient past, it made notable 
‘contributions in the fields of philosophy mathematics, 
astronomy, medicine and agriculture. It then had a long 
period of stagnation running over several centuries. AS a 
British colony and all that it implies, it had to miss for 
historical reasons the first Industrial revolution. Today, 
ee the second industrial revolution (the age of automation) 
ri AMET at the door-step in the west, this country like an 
i OS a in e is trying hard to achieve its past glory 
tliinkin gs He its traditions of scholarship and original 
the M. 8 anc’ its great cultural heritage to participate fully in 

March of Science which is probably mankind's greatest 
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enterprise in our times’ (4a). In a brief account of this type. 
it is not possible to give all the details which led to a clerical 
type of education in this country much of which is still with 
us today even after twenty-one years of independence. 


^ Our Commitment to Science— Scientific Policy Resolution 


The key of the national prosperity, apart from the spirit of the 
people, lies, in the modern age, in the effective combination of three 
factors, technology raw materials and capital, of which the first is 
perhaps the most important, since the creation and adoption of new 
scientific techniques can, in fact, make up for a deficiency in natural 
resources, and reduce the demands on capital. But technology can 
only grow out of the study of the science and its applications. 


The dominating feature of the contemporary world is the 
intense cultivation of science on a large scale, and its application to 
meet a country's requirements. Itisthis, which for the first time 
in man's history, has given to the common man in countries advanc- 
ed in science, a standard of living and social and cultural amenities, 
which were once confined to a very small privileged minority of the 
population. Science has led to the growth and diffusion of culture 
to an extent never possible before. It has not only radically altered 
man's material environment, but, what is of deeper significance, 
It has provided new tools of thought and has extended man's 
mental horizon. It has thus influenced even the basic values of 
life, and given to civilisation a new vitality and a new dynamism. 


It is only through the scientific approach and method and the 
use of scientific knowledge that reasonable material and cultural 
amenities and services can be provided for every member of the 
community, and itis out of a recognition of this possibility that the 
idea of a welfare state has grown. It is characteristic of the present 
world that the progress towards the practical realisation of a welfare 
state differs widely from country to country in direct relation to the 
extent of industrialisation and the effort and resources applied in 
the pursuit of science. 

The wealth and prosperity of a nation depend on the effective 
utilisation of its human and material resources through industrialisa- 
tion. The use of human material for industrialisation demands its 
education in science and training in technical skills. Industry opens 
up possibilities of greater fulfilment for the individual. India’s 
enormcus resources of manpower can only become an asset in the 
modern world when trained and educated. 

ove resolution was placed before both the Houses of 
us is March 13, 1958 by Pt. Jawaharlal Nehru, our late 


Prime Minister. 


We can trace back our present day educational set up to 
the closing half of the fifteenth century when missionaries 
(Portuguese, Dutch, Dane, French and English) started 
coming over here chiefly to preach the Christian religion the 
European way. The first credit for the same goes to the 
Portuguese who established elementary schools ifor imparting 
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knowledge in religion, local language, Portuguese, arithmetic 
and crafts. For higher education, they established Jesuit 
colleges which imparted instruction in Latin, religion, logic, 
music and lastly to train the future bishops. The East India 
Company finally won the politica! battle, dominated the 
natives and from 1858 onwards, India was ruled directly by 
the British Government in London. With some time-lag, the 
events there influenced the Indian educational scene. The 
statement below reflects the distressing state of affairs in the 
beginning of the nineteenth century. 

In a memorandum submitted to ‘the Company, Charles 
Grant badly deplored the low moral conditicns of the Indian 
people and advised the Company to improve their lot by 
teaching them the English language which will open to them 
the vistas of new knowledge. This sorry state of affairs 
is further reflected by a minute which Lord Minto wrote 
to the court of directions in 1811 : 

“It is a common remark that science and literature 
are in a progressive state of decay among the natives 
of India—the number of the learned is not dimini- 
shed but the circle of learning even among those who 
still devoted themselves to it, appears to be consider- 
ably contracted. The abstract sciences are aban- 
doned, polite literature neglected and no branch of 
learning cultivated but what is connected with the 
peculiar religious doctrines of the people. The 
immediate consequence of this state of things, is the 
disuse, and even actual loss, of many valuable books; 
and it is to be apprehended that, unless Government 
interfere with a fostering hand, the revival of 
letters may shortly become hopeless for want of 
(C or of persons capable of explaining them” 

In 1813. a clause was inserted in the charter of the Com- 
pany which stipulated that ‘a sum of not less than one lakh 
Tupees in each year shall be set apart and applied to the 
revival and improvement of literature and for the introduc- 
tion and promotion of knowledge of the sciences among the 
inhabitants of the British territories in India’ (4d). 

This was a small drcp in a big bucket. Consequent on 
Macaulay’s minutes (Feb. 12, 1835), William Bentick stated 
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shortly after in a communique that the British Government 
should spend its funds on the teaching of European literature 
and sciences to the Indian people. However, at the same time, 
indigenous learning was not to be discouraged. Other sub- 
sequent resolutions were also passed later. Some notable 
‘persons like Raja Ram Mohan Roy advocated strongly the 
British educational system. The practical aspects of science 
teaching even then remained practically neglected in the new 
high schools that were subsequently set up. Upto 1947, 
many commissions and Committees were set up by our ex- 
rulers to consider and recommend expert educational measur- 
es which remained, largely speaking, unimplemented over 
the whoie century. Wood’s despatch (1854), Hunter's 
‘Commission (1882), University Act of 1904, Calcutta Uni- 
yersity Commission (1917), Setting up of the C.A.B.E. 
(1921-23, 1935 onwards), Hartog Committee report (1929), 
the Sapru Committee report (1934), the Abbot Wood report 
(1936-37), the starting of basic education (1937-38), and the 
‘Sargent plan on the postwar educational reconstruction and 
development (1944) need special mention. Up to 1947, the 
whole educational system lacked quantity (magnitude), quality 
(depth) and the national pattern or frame of reference 
(4b). However, some preliminary studies and planning for 
the future were made in the year 1935-44 so as to visualize a 
national system of education. In spite of the pious wishes of 
the people behind all the commissions and committees men- 
tioned above, science education, remained neglected due 


probably to political pressures. 
Many events happened between 1945—1951. Setting up of 


the interim : government at the Centre under the Prime 
Ministership of Pt. Jawaharlal Nehru, the partition of the 
country and the attainment of independence, the abolition 
of the princely states, the famous Industrial Policy Resolu- 
tion of 1948, framing of the constitution, Report of the 
University Education Commission, setting up of the U.G.C., 
condary Education by the C.A.B.E. 


and the deliberations on Sec i 
in January 1948 asking the Government of India to *review the 


present position of secondary education in India’. The chief 
distinguishing characteristic of this period was the detailed 
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educational planning with inadequate implementation. The 
era of planning then started from 1951 onwards. The educa- 
tional opportunities for children of all people began to be 
made available on a large scale. This large-scale expansion 
necessitated and expedited the emergence and development of E 
à national system of education based upon the recommenda- 
tions of the commissions and committees appointed after 
independence. We need hardly remind the readers of the 
setting up of tho Secondary Education Commission (1952-53) 
in the wake of the University Education Commission (1948- 
49), the gradual implementation of the constitutional directive 
regarding compulsory education, declaration of the socialistic 
pattern of society (1954), the rural higher education commit- 
tee (1954), the setting up of the educational research institu- 
ies like the Centra! Bureau of Text-Book Research, The 
Educational & Vocational Guidance Bureau and the National 
Tastitute of Basic Education etc. in the Ministry of Education, 


the Assessment Committee on Basic Education (1955), the 
National Committee on Wo 


establishment of the National C 
and Training (1961), 


developing a strong, scientific, techno- 
In a way, these deliberations 


ds to be done. The experts’ 
the times are now continuously 
going on in a big way. Their influence both qualitatively 
ver, take some years not only to 
Penetrate but also to make itself felt. 
Science education is Dot a separate and *detachable unit? of 
thc Secondary education. Its growth has to be seen in the 
Context of the above-mentioned events. Science teaching in 
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India is several decades old and of course it started on a very 
slow foot. The reviews issued by the Government of India in 
the years 1887—92 deplorably refiected the sorry and shocking 
state of affairs in science teaching of that period. Even up to 
the beginning of the twentieth century (1904), there was 
donsiderable shortage of qualified science teachers. Prof. 
Armstrong, the world-famous advocate of heuristic method 
also visited this country. From 1905 to 1917, there was 
little improvement in the expansion of sciehce education. 
The first world war also interrupted this expansion. There, 
however, occurred considerable expansion in secondary 
education both in the rural and urban areas after the recom- 
mendations of the Calcutta University Commission when 
intermediate colleges in arts, science, medicine and engineer-- 
ing etc. were set up. Since then, the expenditure and expan- 
sion of secondary education has been on the increase except 
during the Second World War when the educational system 
was just kept going on. 

The science education set-up is not exactly the same in. all 
the states of the country. We can still make the following 
key statements regarding the present day state of affairs 
applicable to the whole country (largely speaking). 

(a) Science teaching has been and is still oral in character 
with demonstrations occasionally thrown in. There is very: 
little of practical work up to the eighth class. At the higher 
əd list of experiments is rigidly followed by 


stage, a prescribe ame] i 
the teachers in the laboratory which is mostly in the nature 


of verification or working according to set rules which are: 
made quite explicit before the beginning of the experiment 
to the students. They deviate very little even if they want to, 
in this respect. Element of investigation, training in the use 
and practice of. scientific method and even mastery of the 
research operation (discovery approach to learning) are 
conspicuous by their absence even where the laboratory faci- 
lities and equipment are generous. 


(b) The aims and objectives of science education for the, 
various sciences and at various levels, when spelled out in 
details look grand on paper. Most of them vaporize during 
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implementation. This then appears to be an excellent exercise 
in cataloging and exhausting all possible adjectives which 
sufficientlv contribute towards organized confusion in contrast 
to fusion which is not easy to dispel. General Science is 
a case in point which so far developed is an *unstable com- 
pound of physics, chemistry, biology and geology’ withovt 
any adequate thinking, experimentation, integration and any 
basic tbeme in it. One finds it very difficult to distinguish 
the aims and objectives among the various branches of science 
including general science as such. Too much light by too 
many experts has produced ‘darkness at noon’ here. Now, 
there is a reform in the air regarding the abolition of General 
Science at the middle school stage. In its place, physics, 
biology and chemistry will be taught. General Science is more 
related to the environment than the physics, chemistry and 
biology taken in isolation. It is cheaper to teach General 
Science than teaching physics, chemistry and biology as 
separate and distinct subjects. We try to give a shape before 


the material is developed in abundance for the same. The 
lesson to learn is clear. 


(c) There is no differentiated and sequential curriculum 
(Psychologically or empirically) determined for various cate- , 
Sories of students. The old intermediate course has been 
downgraded over the higher secondary school classes (IX, X 
and XI) with complete unconcern for the capacities and 
achievements of the eighth class students. A false impression 
1S being created that increased expenditure and increased 
Curriculum are raising automatically the standards of science 
education in our country. The overall result is increased 
failure in science at the end of the higher secondary stage. 
We will be really lucky if we do not completely damage if not 


s Sen A š 
mash our scientific brains at their very critical moments of 
development. 


NEM teaching is based strictly on the prescribed 
MUS gh ationalization has killed the very ferment of 
T i em. Students and teachers follow them slavishly. 
mae quality of text-books is generally speaking low. Their 
past persistent defects remind us painfully right up to this day 


BACKGROUND 19 


since 1873 when the Government of India passed a resolution 
about their immediate improvement (4c). In 1964, Dr. Paul 
Kirkpatrick made a telling comment on the quality of physics 
text-books being prepared by a Central Committee on Educa- 
tional Literature in the Ministry of Education : 


“I have read the physics syllabus in its present statis 
and found it disappointing. I also read three manu- 
script chapters of the proposed physics text-books. 
The outright errors are capable of repair, but the 
inferiority goes through the whole process of author- 
ship. The writing is deplorable. Sentences are 
crudely constructed, exposition unskilful, generaliza- 
tions unsustained, nonsequiturs frequent. There is 
not the skilled author's realization of the readers’ 
mental state and the necessity to build the structure 
of knowledge one little stone at a time, using always 
the stone that fits......... Is a book by two dozen 
authors ever likely to possess unity of viewpoint, 
difficulty, inner relationship, style, or literary 
clarity? Now consider that those authors are 
relatively inexperienced, preoccupied with their full- 
time job, inadequately compensated, and writing in 
an acquired tongue. Consider that the chief criteria 
of selection were degrees, a certain amount of status, 
and willingness to contribute almost unpaid labour. 
The criterion of competence was necessarily subordi- 
nated” (4I). 
A sound concept of curriculum materials is yet to emerge 
in our country which in fact is a must for improved science 


teaching (Demphasis on text-books). 


(e) Methods employed for science teaching are dull. They 
are just short of chanting ‘OM JAI JAGDISH’. Here again 
Dr. Kirpatrick had a telling comment to make— 


“Still on the subject of the difficulties of teacher 
procurement, one must say that the teachers daily 
routine is not one to be coveted by the young man or 
woman of imagination, originality, or desire for 
accomplishment. I have visited a number of science 
classrooms in session and been struck by the 
intellectual sterility of the procedures, a process in 
which the teacher speaks a few facts or reads them 
from a book and then asks students to repeat them. 
The facts themselves are often dull. 
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Question: What substances burn? 

Answer: Only combustible substances bura. 

Question: At what temperature does burning start? 
Answer: At the ignition point. 

Question: Why does not glass burn? 0 
Answer: Because it is a non-combustible substance. 


If it be objected that my experience in this classroom was 
probably not typical I shall at once agree; probably I was 
shown one of the better classes" (41). 


Both teachers and students worship the goddess of exami- 
nation. The testing abilities of the paper-setters are low. 
These are the reasons that the science teaching is not related 
to the environment at all. Consequently, training in scientific 
method, problem solving, creative thinking and the develop- 
ment of scientific skills, interests, attitudes and appreciations 
remain in an utter state of neglect. Internal assessment, 
Which could remedy the defects and therefore is desirable, is 
not only insufficient but also impracticable objectively on a 
large Scale. It still largely remains an external examination 
in miniature along with its undesirable side effects. 


First class methods increase the productive efficiency of' 
the teacher. In our country, the training college methods 
appear to increase the donkey's work. This ghost of planning 
and taking everything into consideration; complicate the poor 
teacher's simple difficulties. 


(f) The academic conte 
Inferior thinking and acti 
Sional course. 


nt of the B.Sc. degree is inadequate. 
on run through the whole profes- 
Professional training has very little relevance to 
the actual class-room conditions. During training, science 
teachers are not at all trained in the maintenance, repair and 
construction of home-made and improvised apparatuses. 
These faults reinforce each other strongly with the conse- 
quence that the science teachers fail miserably in creating 
effective climate of work in their immediate environment over 
- Which they do have some control at least. 


(g) There is hardly an 


ere ds h: y supervision and availability of 
expert advice in science tea 


ching by the competent people. 
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(h) There is a complete black-out of research in science 
education—the little known is really unknown as this author is 
not aware or the existence of any digest of investigations in 
Science education. The reason for all this is that research in: 
Science education is not a rewarding career. Lastly, there is 
bardly any contribution, pure or applied, by the research 
scientists and the professors of various sciences in the Univer- 
sities to the improvement of school science (No Arm-strongs 


here !). 


Ours is a scientific workers' type of education. Innovation 
and research are not built into it. Science exists, grows and 
flourishes in a certain socio-cultural environment **with the 
personal, emotional and intellectual aspects of decision mak- 
ing about science". There is very little of this environment 
in our country. The explosion of knowledge has rendered 
the secondary school science courses quite out of date. In the 
words of Maurice Goldsmith, Director of Science, Science 
Foundation in London who visited this country recently: “the 
U.S. physical sciences study curriculum and the U.K. Nuffield 
revisions are known here but they have yet to make their 
impact. Too much of science at the secondary school is 
still concerned with producing contemporaries of Newton 
and Boyle rather than this century's Einstein and Ruther- 
ford" (4r). 

To conclude, the medium of instruction has added to the 
difficulties both of our teachers and students. History of 
Science is completely ignored in the conduct of science 
lessons. Increasing sensitivity both to the explosions of 
knowledge and aspirations throws us back despite our success- 
ful efforts to move a bit forward. Explosion of population 
is straining our intellectual, professional and financial resour- 
ces to the last bit. Due to the impact of thesfirst=tbree five 
year plans, the explosion of aspiration” iSi. to 
demand both quality and quantity at t ds snow 
started gaining magnitude and monj Ju high in fà tisa. 
good sign as it shows our utter dissa t: i i a 
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and secondary education in general. This may eventually 
alert the nation and compel the entire profession to demand, 
achieve and deliver the best that it is capable of under intelli- 
gent leadership in the not too distant future—which at present 
is lacking. 

Efforts at improvement 


It may not be inferred from above that we have all along 
been unintelligent, unthoughtful and lazy in our educational 
endeavours. An impressive achievement to our credit is that 
an increasing number of children is overcrowding the schools 
and will continue to do so till the constitutional clause regard- 
ing {compulsory education comes into full operation. The 
Provision of educational opportunities even in the traditional 
sense for all children of all people is itself a great problem. 
Moreover, the very backward areas in the country are deman- 
ding more and more of quality education. These very essen- 
tial necessaries and compelling necessities make our educa- 
tional system a very unstable one. On top of it, we have 
troubles with China and Pakistan. Thus, despite the best 
wishes and good-will of the Government, the educationists 
and the science teachers, our science problems in the context 
of secondary education become unhaltingly difficult and 
complex. Even then, it is heartening to note that we have 
tried hard to lay the basic foundations necessary for building 
up an intelligent and impressive programme of science educa- 
tion by the end of the Third Five Year Plan. It is about these 
efforts that we will make a brief mention now. 


(a) In 1950-51, we had 191:5, 31-2 and 12:2 lakhs of 
children in the elementary, middle and secondary schools, 
the corresponding percentages in the three respective age 
groups (6-11, 11-14 and 14-17) having educational opportuni- 
ties were 42:6 p.c., 12:7 P.c. and 5:3 p.c. respectively. These 
figures rose to 496-4, 97-5 and 45-6 lakhs of children and the 
Corresponding percentages in the above mentioned age groups 
Tose upto 76:4 p.c., 28-6 p.c. and 15:6 p.c. in the year 1965-66. 

- In the Third Five Year Plan, the school science has received 
considerable emphasis, By the end of the Third Five Year 
Plan, the total number of high and higher secondary schools 
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is expected to go up to 22,000 out of which over 9.000 offer 
Science as an elective subject. The science laboratories of 
about 6,000 schools will be further strengthened by providing 
them additional equipment. Moreover, a crash programme 
now undertaken ensures that all the secondary schools which 
were opened by the end of the Second Plan will be provided 
with laboratories *on 100 p.c. assistance to States by the Centre 
outside their plan ceilings’ (4a, h, i, m and t). 

The plan allocation went up from 105 crores of rupees in 
the First Five Year Plan to 297 crores of rupees in the Third 
Five Year Plan both for the elementary and secondary 
education. The above amount excludes expenditure already 
incurred for maintaining institutions before the beginning of 
the First Five Year Plan and the contribution from the non- 
government sources. 

It is further proposed to strengthen science teaching both 
at the elementary and secondary stages: methods of science 
teaching, setting up of mobile audio-visual units, introducing 
and strengthening of General Science at the secondary stage, 
availability of elective sciences at least at one schoolin an 
area lacking such facilities and a provision of small science 
library. It has been proposed to spend a sum of Rs. 500 
millions for starting and strengthening science education in its 
varied aspects. This excludes the provision of Rs. 100 millions 
for the National Council of Educational Research and Train- 
This expansion and quality in the improve- 
ment of science education will naturally depend upon the 
availibility of competent teachers, laboratory facilities and 
equipment in them, production of text-books and other instruc- 
tional and illustrative material (4 ‘o’). 

(b) In the past science meant only physics and chemistry. 
There was very little of biology teaching in schools. After the 
recommendations of the secondary education commission, 
opportunities for biology education became increasingly avail- 
able in the newly opened multipurpose schools. In most of 
the states, optional sciences include physics, chemistry, 
biology, mathematics and geography. Other subjects included 
are geology (U.P. M.P., A.P., and J. & KJ), elements of 
physiology and hygiene, elements of home science, agriculture, 


ing activities. 
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geometrical and mechanica! drawing and military science or 
drawing (M.P. and U.P.). All the states except Kerala 
prescribe varying degrees of practical work to be done by the 
students. 

General science is taught to all the children in the country 
up to the middle stage. At the higher secondary stage, it ir 
compulsory in most of the states and optional in Telangana 
(A.P. Marathawada (Maharashtra) and Assam. In Bihar, 
the natural science students do not offer this subject. Itis 
taught for the first two years (IX and X) in the states of 
Rajasthan, Panjab, Jammu and Kashmir, West Bengal and 
"Maharashtra (Vidharba only). It is taught for three years in 
the States of Bihar, Kerala, Madras, Mysore and Maharashtra 
(Marathawada). General science—and not physics, chemistry 
and biology as separate subjects—is offered in Madras and 
Kerala. It is only in three states that the practical work in 
general science is assessed externally (4m). 

(c) Science. needs laboratories and equipment. The 
Committee on Plan and Projects has suggested Rs. 4000 
including Rs. 1000 for tools for equipping the science labora- 
tory at the middle school stage. For a high school, the 
amount suggested is Rs. 10,000 including Rs. 1000 for work- 
Shop tools. Extra grant of Rs. 3000 is suggested if biology 
is to be introduced at the high school stage. For recurring 
expenditure on science practicals including replacement, a 
grant at Rs. 10 per student per year is recommended. 

1 The U.N.E.S.C.O. Planning Mission on Science Teaching 
‘has recommended the abolition of General Science. It has on 
the other hand suggested the teaching of physics, chemistry, 
biology and astronomy at the middle stage. For this, it has 


recommended a total grant of Rs. 12,000. Its break-up is as 
follows :— 


Í Rs. 
Physics 5.000 
Chemistry 3,000 
Biology 2,000 
Geology 1,000 
Astronomy 1,000 


Total 12,000 
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At the higher secondary stage, a sum of Rs. 60,000 is 
considered essential for demonstrations and laboratory work. 
Its break-up is'as follows : 


Physics 25,000 
Chemistry 17,000 
Biology 18,000 


At present, the stages of Rajasthan, Panjab and Madhya 
Pradesh spend Rs. 12,000, 10,000, and 12.200 on physics, 
Rs. 8,000, 10,000 and 9,500 on chemistry and Rs. 8,000, 10,000 
and 14,400 on biology respectively. For General Science and 
A.V. Aids, Rajasthan and Madhya Pradesh grant additionally 
Rs. 2,500 and 9,500 respectively. 


(d) It is a general and common criticism that the teaching 
Of science in the Indian schools is largely bookish and 
theoretical. Science clubs were first set up in the year 1957- 
58 by the former All India Council of Secondary Education. 
There are now about 1000 science clubs and 92 central 
Science clubs in the country. Each science club at the school 
is given a sum of Rs. 1,200 to augment the school's meagre 
existing resources only for the purchase of tools and equip- 
ment. Their basic aim is to encourage scientific thinking and 
develop scientific aptitudes; particularly among science 
students, Their participation, generally speaking, is on the 
voluntary basis. Their activities range from preparing charts, 
holding debates and discussions, organizing science fairs in 
collaboration with other science clubs to the construction of 
Some scientific apparatus and participation on an original 
project. Dr. Irwin Slesnick, a science consultant at the 
Regional College of Education, Ajmer, is at present engaged 
in publicizing through his Science Mobile Show throughout 
Rajasthan the type of activities which should be initiated and 
fcllowed up at the science clubs. For practical guidance, he 
has experimentally developed a book which is expected to 
provide ideas for science students in some original research 
projects quite within their reach in the various branches of 
Science. This book is now available free of cost from the 
Principal Regional College of Education, Ajmer (Raj-)- 
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There are other efforts which directly and indirectly con- 
tribute to the quality and improvement of science instruction 
in the country : Science Competition Essays in'vogue in U.P. 
for the last twenty years, Science Talent Search in vogue in 
West Bengal for the last six years or so for the first year 
students at the university, appointment of science consultant£ 
in thé states department of education for providing expert 
advice and help to the science teachers for the last seven years 
Or so, appointment of science inspectors in Andhra Pradesh 
and Mysore for guiding and supervising science instruction, 
establishment of the four regional colleges of education for 
producing competent teachers in the fields of Science, techno- 
logy etc. (internship in teaching being their distinctive and 
distinguishing characteristic) and the State Institute, of Science 
Education in the Third Five Year Plan and lastly the publica- 
tions of two journals namely the Vigyan Shikshak and the 
School Science published by the All India Science Teachers 


Association and the Department of Science Education, 
N.C.E.R.T., New Delhi. 


It was about 10 years ago that the All India Science 
Teachers? Associati 


Dr. A.C. Joshi, at 
Hindu Universit 


teaching science. It is a vo 
the nation's attention to the 
education (4p). 
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(a) Curriculum materials including textbooks, teachers’ 
guides, laboratory manual, preparation of syllabi and supple- 
mentary reading materials etc. 

(b) In-service Education. Summet institutes for science 
«teachers in collaboration with A.LD. and the U.G.C., to 
organize workshops and courses for science consultants and 
Science inspectors and the organisation of training courses 
F Hs preparation of resource personnal at the elementary 

vel. : 


(c) Publication of the School Science Journal for dissemi- 
nating information regarding scientific advance, methods of ` 
teaching science and book reviews etc. 

(d) Establishment of science clubs and providing technical 
and financial help in the organization of science fairs. 

(e) Equipment and apparatus. To provide help and 
advice in setting up laboratories and purchase of equipment 
including preparation of suitable inventories for the same. 


(f) Central workshop for improving and constructing. 
Scientific apparatus preferably on the cheap. 

' (g) Laboratory for the department to tackle problems in. 
Science education experimentally and consequently to improve 
Science teaching. 

(A) Organization of workshops and seminars. 

(i) Instructional materials centre for teaching aids and 
reference material. 

(j) Science statistics centre to collect the 
ation. 

(k) Research in Science Education. 

(I) Science Talent Search Scheme for identifying gifted 
students in science at the higher secondary school stage, 
P.U.C. Colleges and parallel institutions. 

(m) To provide help to the voluntary organizations 
interested in science education and organize special pro- 
grammes like the young scientist’s circle, preparation of 
reading material for the different classes and of special courses. 


for non-science students. 


relevant inform- 
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Reports of Commissions and Committees 


The Secondary Education Commission (1972-53) was the 
first Commission in the history of the Indian education to 
Survey the entire Secondary education, It recommended the 
establishment of multipurpose schools Which were to provide 
diversified Courses at the end of the middle school stage. 
Highly qualified teachers and the teaching of specialized 
sciences at an advanced level were to be the outstanding 


and committees later on with a view to upgrading and improv- 
ing science teaching in all jts aspects. In this connection, the 


(a) About ten years ago (July 15—30, 1956) the All India 


Seminar on the teaching of science Was organized at Tara 


the Seminar Were: ‘to study the 
"abus in General Science, Physics, 
SY. to consider Elementary Science 
and middle School levels, to consider 
apparatus for the teaching of science and 
of practica] work and activities for the 
a » to test the usefulness of a set of 
qecuments designed by UNESCO for 


elective Science subjects in schools, to 
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by the N.C.E.R.T., to inquire into and recommend measures 
*for the improvement and expansion of teaching science at all 
stages of education particularly at the school level for develop- 
ing scientific talent in the country and for training of science 
teachers’. This committee obtained sufficient material relating 
%o the factual position of science education in various states of 
the country and considered it in its meeting held in July 1962. 
This document provides interesting information regarding the , 
number of schools offering elective sciences,» the conduct of 
laboratory work at various levels, the number of science clubs 


and the activities, publications on science teaching and the 
nature of financial assistance etc. (4i). 


(e) Early in 1962, the Indian Parliamentary and Scientific 


` Committee under the presidentship of Shri Lal Bahadur Shastri 
.studied and examined the various problems in the area of 


science education at the primary, secondary and higher secon- 
dary stages ‘in relation to the policies and decisions arrived at 
the centre and the states at the commencement of the Third 
Five Year Plan. The Committee recognized the gap between 
what is taught and what should be taught at various levels. 
Being quite aware of the problem, the committee pointed out 
that ‘quite a number of school buildings are lacking in physical 
facilities of laboratory equipment, apparatus, library, etc. 
and the building itself has not been devised from the functional 
point of view in many cases. At the same time, it recognized 
the work being done by the committee on Plan Projects on 
school buildings, hostels, science laboratories and equip- 


ment. (4h) 


The report on Science Education in Secondary Schools is 
the first-attempt of its type to provide information to the 
educational and administrative authorities about the basic 
requirements of the science laboratories. This report contains 
chapters on the financial procedures in force in the various 
states of the country, science apparatuses and other equipment, 
planning laboratories functionally and appendices containing 


information about the recurring and non-recurring grants in 
different states, procedure for financial sanction for purchase of 


equipment and apparatus in schools, list of science equip- 
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ment and apparatus for middle and higher schools and tools 
and implements required for workshops attached to high 
schools and teacher training institutions. ü 
(d) The U.N.E.S.C.O. Planning Mission under the leader- 
Ship of Prof. S.G. Shapovalonko stayed in India from Decem- 
ber 23, 1963 to March 10, 1964. At the reception given to 
the niembers of the mission by Shri P.N. Kirpal. Secretary to 
the Ministry of Education and the Director of the National 
Council of Educational Research and Training said that the 
Ministry of Education would expect the recommendations of 
the Commission on the following lines: 
*the objectives and tasks of science and mathematics 
education in general type of schools in India; the 
Place of science and mathematics in curricula of 
Schools; the content of science and mathematics 
education, the philosophy of preparation of syllabus- 
€s and text-books methods and organization of educa- 
tion; the basic kinds of work to be completed in 
India before the end of the Third Five Year Plan and 
those to be fulfilled during the Fourth Five Year Plan ‘ 
period so as to considerably improve science and 
mathematics education in the country which is neces- 
sary for further development of its economy’ (41). 


The whole report is in six parts. The first part relates to 
Scientific Technical Progress and Science and Mathematics 
Education. Importance and implications of recent achieve- 
ments in physics, chemistry, biology and mathematics for 
School science have been very well discussed. Part II discusses 
Tecommendations for further development with reference 
to our country; Science and Mathematics education in classes 
I to VIII; the content of Science and Mathematics education 
in classes IX to XI; implications of the tasks of polytechnical 
education in Science and mathematics teaching; development 
9f interests, aptitudes and abilities in science and mathe- 
matics. Also included are the principles of text-book prepara- 
tion. Part III contains general recommendations on lay-outs 
and general equipment of lecture room laboratories in physics, 
chemistry and biology; teaching equipment in science and 
mathematics and establishment and organization of Central 
Science Workshops for manufacturing scientific equipment. 
Part IV relates to teacher training. Part V is devoted to 


i 
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research in science and mathematics education. Part VI 
relates to the sequence and the time of implementation of the 
recommendatichs and the nature of the Indian specialists to be 
deputed to U.S.S.R. At the end are appended two papers 
by Prof. Ralph Buschsbaum and Prof. Paul Kirpatrick on 
biology and science teaching in India. The outstanding 
recommendation of the report is the abolition of General 
Science at the middle stage. In its place, physics and biology 
should be started in the VI class and chemistry in the VII 
class. 

The recommendations remind us painfully of our extreme 
backwardness in science. Tbe expert's recommendations are 
grand but taking all things into considerations, we cannot 
implement them unaided. 

(e) ‘Mathematics and Science Education', a publication 
of the All India Science Teachers Association, attempts to 
consolidate problems in the area of science education facing 
the country and suggests suitable remedies. The author “has 
made full use of the resolutions passed at the annual confer- 
ences of the. All India Science Teachers’ Association held 
during the last nine years, the resolutions of the conference 
on science teaching in Asian countries organized by the 
World Confederation of the organisations of the Teaching 
Professions held in December 1964 at Manila’ his visits 
abroad and his close contact with the UNESCO Mission on 
Science Teaching. The book provides some factual informa- 
tion about problems faced, conditions prevailing and the 
recommendations made by commissions and committees 
relevant to science teaching at all levels namely primary, 
middle, higher secondary and teacher training. Organization 
for leadership is also suggested. A valuable suggestion made is 
regarding the establishment of science education commission 
or foundation to tackle most of the problems mentioned in 
this book and “to play a more effective role in creating 
consciousness of the right type in teachers, and take such 
other steps as are found necessary for updating of science 
education in the country’ (4m). 


(f) Our Science Education is really ina bad shape and it 
becomes worse if we fail to reckon with the explosions. of 


32 PROBLEMS SOLVING IN SCIENCE 


knowledge. The Kothari Commission has pointed out this 
danger and therefore we have to seek an all time dynamic 
equilibrium with what all this explosion of kiiowledge means 
and implies according to our stage of development not only in 
our times but also the times to come. To meet this immediate 
threat, the commission recommends upgrading school curricula 
by ‘research in curriculum development, revision of curriculum 
based on such research, the preparation of text-books and 
teaching learning’ materials ; and the orientation of teachers 
to the revised curriculum through in service education’, where 
schools themselves have to play an active and intelligent role 
by devising and experimenting with new ideas that suit them 
and which cater to the various categories of students at their 


school. The following six recommendations of the commission 
are as follows : 


1. “In the lower primary classes, science teaching should 
be related to the child’s environment. The Roman alphabet 
should be taught in class IV to facilitate the child’s understand- 
ing of internationally accepied symbols of scientific measure- 
ment and the use of maps, charts and statistical tables. 


2. Atthe higher primary stage, emphasis should be on 
the acquisition of knowledge and the ability to think logically, 
to draw conclusions and to make decisions at a higher level. 
A disciplinary approach to the teaching of science will be more 
effective than the general science approach. 


3. A science corner in lower primary schools and a 
laboratory-cum-lecture room in higher primary schools are 
minimum essential requirements, 


4. At the lower Secondary stage, science should be 
developed as a discipline of the mind. The newer concepts of 
physics, chemistry and biology and the experimental approach 
to the learning of science should be stressed. 


3. Science courses at an advanced level may be provided 
for talented students in selected lower secondary schools with 
necessary facilities of staff and laboratory. 


6. Science teaching should be linked to agriculture in rural 
areas and to technology in urban areas, but the levels of 
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attainment and avenues to higher education will be the same 
in both types of schools". 

At the same time, the commission has pointed out the 
importance of the methods of teaching science i.e., emphasis 
on problem solving, 'investigatory approach and the under- 
standing of basic principles’. Lastly the Commissione has 
recommended the study of science subjects in depth i.e., at the 
advanced level as in U.K. for the talented Students only 
beginning with their eighth class at school” (4s). 

(g) International help. This is most welcome. At present, 
we are obtaining help in varying degrees from U.S.A., 
U.S.S.R., U.K. (The British Council and The Common- 
wealth Education Liaison Unit) and U.N.E.S.C.O. We send 
our science personnel abroad and experts from the above 
agencies visit our country and advise us on the problems 
facing us. Ina way, this is a sign of dependence if we receive 
too much help from them simply for the asking. Here we 
should not forget a Tamil saying : 

However hard the woman may cry, she has to deliver 

the baby herself. 

We must learn to solve our problems unaided. 

(h) Effective leadership. Science education in this country 
appears to be like a living body without a head. The pros- 
pects for effective leadership are now brighter than at any 
time in our past history provided someone is able to give the 
diverse efforts a shape. In this respect, we hardly need to 
mention the following : All India Science Teachers’ Associa- 
tion, Department of Science Education (N.C.E.R.T.), Depart- 
ments of Science in the Regional Colleges, Curriculum Panels, 
the State Institutes of Science Education, the science educators 
in teachers training colleges, senior science teachers at the 
multipurpose higher secondary schools and individuals like 
Dr. A.C. Joshi, S. Natarajan, Dr. S. C. Shukla, Dr. D. S. 
Kothari and V.N. Wanchoo, to mention only a few. 

It is now heartening to note that the Union Ministry of 
Education is about to establish a National Council for Science 
Education to upgrade and improve science teaching (other 
subjects being mathematics, engineering and technology) at all 
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levels with a view to bring them at par with other advanced 
countries. The agreement in this connection, was signed on 
November 1, 1966 with the U.S.A.I.D. (4v). 


Conclusion 


The best of work can take place under the worst conditions 
provided we substitute plans for expenditure by the plans for 
thinking (productive, creative, original and self-critical) before 
incurring expénditure. We need to develop (we need not 
import) and build gradually a sound theoretical frame of 
reference with our persistent efforts (successful and unsuccess- 
ful) which is on a continuum and relevant both to the pre- 
vailing conditions and situations likely to prevail within the 
next thirty to forty years in our country. This frame of 
Teference then needs to be related both to the mentality of 
Our science teachers and students. A first class syllabus, 
textbook and laboratory in the hands of a frustrated, and an 
indifferent teacher will result only in chaos and confusion. 
Narrations, Speeches, money and even force do not develop 
Scientific temper which challenges dogmas, superstitions, 
outmoded ideas, customs and the habitual ways of thinking 
and action. There are many dimensions including time 


estimates to this theoretical model as well (vide the last 
chapter). 


_ Failure to develop and understand this model has resulted 
in the development of unsuitable programmes of science 
education (near-extinction in case of General Science) for 
those who constitute the majority and who are not going to 
use Science Professionally in their later lives. This argument 
is also applicable to the development of optional sciences at 
the higher secondary Stage. At the teacher training institu- 
tions, we now intend to teach content at the cost of method 
and education. This is an integrated approach which only 
few appreciate. We are thus Eoing to rectify the mistakes 
committed by the universities at a wrong place. The things do 
not end here, We now Organise summer institutes and 
tefresher courses for our science teachers for enhancing their 
Mastery in the content area. The assumptions underlying 
these new Programmes are sound. But there is a general 
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impression that whatever they learn there, is quite irrelevant 
to their actual classroom teaching. The utilization factor of 
these programmes is quite low. Now we want to be compre- 
hensive on all fronts. We are becoming near-neurotics (and 
Winners) ina world of our own make-believe quite forgetful 
Of the real situation. We forget that even when mopey is 
available, we cannot buy reforms. There has to be some 
scheme in the total frame of reference. Money alone does 
not improve the human factor when excellencé is built in the 
hierarchy and not outside of it. We make ita point that we 
should not provide opportunities, recognition and publicity to 
our science teachers who struggle with their problems. Under- 
standing, care, discussions on problems and their likely 
solutions and the committing of intelligent mistakes etc. are 
rare at the bottom of the profession. Reforms do not climb 
up—from bottom upwards. Everything comes from the top 
and the science teacher is at the tap. 


Methods of science standardize knowledge and we keep 
our children ignorant of their knowledge and history. The 
overall result is that the various interfering factors operate in 
such a way as to keep the quality (if not the quantity) at its 
bare minimum. This in fact is tantamount to acknowledging 
devaluation in science education, Consequently, we then fail 
to borrow and import assistance according to the stage of our 
development. For example, do we really need foreign help 
in developing physics, chemistry and biology for our secondary 
schoolstudents ? There is a limit to dependence. Science 
teachers at the school should not really function to become 
only instructors to make the students pass the examinations on 
courses and examinations conducted by the external agencies. 
Coaching academies are doing that job excellently. 


Forallthe reasons mentioned above the work of the 
profession does not become demonstrable enough. Coupled 
with this is the low salaries which keep the brainy and the 
interested scientist away from school science. A less ambitious 
and realistic course of science education may, on the other 
hand, yield better results and thus avoid the mistakes we 
committed in the concept of basic education. 


' CHAPTER 2 


Outcomes of Science Education 


Education and the Spirit of Science 


In the modern world the approach of rational inquiry —the 
mode of thought which underlies science and technology —1S 
Spreading rapidly and, in the process, is changing the world in 
Profound ways .....The spirit of rational inquiry, driven by a belief 
in its efficacy and by restless curiosity, is.........commonly called the 


. „The terms science is accurate but inadequate. It does not do 
Justice to the fact that this mode of thought related also to questions 
men usually ask and answer for reasons which they think are totally 
non-scientific—religious, aesthetic, humanistic, literary. The spirit 
ot science infuses many forms of scholarship besides science itself. 


This Statement attempts to define the spirit of science and to 
Telate it to education. We believe that a greater awareness of that 
Spirit would lead educators to assign to ita larger and more explicit 
Place among the many goals of education. 


po on aware of the apprehensions aroused by the penetration 
of the scientific Spitit, we conclude that the hopes it offers so greatly 
Outweigh the drawbacks as to justify a major Tecommendation : that 
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a general world-wide fostering;of the spirit of science is wise. This 
conclusion has implications for American foreign policy. 


Recommendations 


The schools should try to realize the great opportunities which 

the development of science has made apparent inthe world. They 

° can do this by promoting understanding of the values on which 

Science is everywhere based. Although no particular scientists may 

fully exemplify all these values, they characterize the enterprise of 
Science as a whole. 


1. Longing to know and to understand. 
2, Questioning of all things. o 
3. Search for data and their meaning. 
4. Demand for verification. 
5. Respect for logic. 
6. Consideration of premises. 
7. Consideration of consequences. 
these values........- are part and parcel of any true 
These are characteristic not only of what is commonly 
called science, but more basically, of rational thought......... and 
that applies not only in science, but in every area oflife. What is 
being advocated here is not the production of more physicists, 
biologists, or mathematicians, but rather the development of persons 
whose approach to life as a whole is that of a person who thinks 
ccodbusd a rational person. The characteristics of this mode of 
thought merit consideration in greater detail. 

sss esezne To commun'cate the spirit of science and to develop 


people's capacity to use its values should therefore be among the 
principal goals of education in our own and every other country. 


From The ‘Education and the Spirit of Science" Published by 
the Educational Policies Commission, N.E.A., U.S.A., 1966. 


Impact of Science and Technology 


Within the last decade or so, developments in Science and 
Technology, have shot sky high. The second industrial revolu- 
tion (the age of automation) is at our doorstep now and its 
implications stare us in the face because we do not know 
much about them so far as their impact on us and our society 
is concerned—which is lagging far behind. At the same time, 
the developing countries (generally rich in resources but full 
of poor people) see in it their only hope of abolishing poverty 
and in solving problems of food, shelter, clothing and diseases. 
But even in the European countries and U.S.A. which possess 
practically most of Science and Technology, there is a 
widespread concern about ‘‘the increase in the scoool popu- 
lation and the prolongation of school attendance, the adapta- 
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tion of teaching to the new conditions, the extension of 
compulsory schooling and the guidance of pupils according 
to their aptitudes and tastes towards those studies which will 
best develop them and will lead to employment suited to ther 
abilities having regard to the essential needs of the country Ç 
(5). Even in England, a feeling is growing that the “plus 

factor of their educational system is fast becoming an out- 
moded symbol when the words of The Observer ring : *The 
main reason that we are having such trouble coming to terms 
with the 1960's is that the education in this country is insuffi- 
cient and out of date—What as a nation we cannot afford 
isto go on being undereducated. In the economic sense, the 
expenditure is an absolutely indispensable investment. in 
national efficiency" (6). This problem is much more serious 


for all of us as is borne out by a Policy Statement in “Science 
Education" which Says... cv. 


“The effect of science on human life and thought have 
potentially so much greater that 
nding of them and of the science 
which has produced them, cannot be properly considered 
educated or truly cultured and are therefore unable to 
Participate in the life of their time. Perhaps scientific illite- 
Tacy is in part due to the lack of factual knowledge, but 
much more the result of a lack of understanding of the basic 
nature and aims of Science..........Science Should be recogni- 
sed and taught as a major human activity which explores the 
realms of human experience, maps it methodically but also 
imaginatively and by disciplined speculation creates a cohe- 
Ient system of knowledge? (7). 

If we fail to apply our ner 
ments to the world of Scienc 
to infest us with so 


Ves here, then our maladjust- 
* and technology will continue 
me sort of skin diseases with which we 
have to learn to live till we investigate successfully the 


casual factors, identify and isolate *Disarmament' like penicil- 
lin in moudly bread, 


Self-acceleration of Science 
The dissemination 


of Scientific Information (the introduc- 
tion of the ‘4th R°) 


amongst the general masses is a problem 


OUTCOMES OF SCIENCE EDUCATION 39 


which needs to be tackled by us now because such a problem 
has never been faced in the history of man as we find it today. 
Naturally, sciéntific literacy needs to be spread in quantity as 
well as quality among the masses. We must inform masses 
Effectively about science and technology and their impact on 
them. The following statements, in this connection, give 
us an idea about the self-acceleration of science. ° 


(1) Prof. Purcell of Harvard has said that 90% of ‘hes 
world’s scientists are alive today. e 


(2) Prof. J. R. Oppenheimer points out that for the past 
two hundred years the increase in the number of people 
engaged in the acquisition of new knowledge, which is the 
definition of science, is an exponential function of time and 
the characteristic period is 10 years. 

d (3) Lord aus Orr has said that humanity has seen more 
rogress in the past fifty years than in the i 
ees preceding twenty 


ie e More than 40,000 papers per week are being added to 
e iterature. (This figure is based upon the world list of 
Scientific periodicals). We are soon approaching a tower of 
‘Babel’ situation as judged by the estimate that ‘the average 

mathematical paper has a :6 of a reader’. In short, scientific 

progress, as it appears, follows a “compound interest curve, 

a curve whose slope approaches a vertical line" (8). 


From above, it is clear that we have not to wait for long 
to see the existing science programme become outmoded in a 
few years time. The problem in fact does not end here. There 
is no single definition of science as ifit appears that science 
itself defies its own definition. 


What is Science? 

Scientific literature on it does not answer this question, 
either in a single key sentence or a series of such sentences. In 
fact, it is not possible to answer this question directly because 
it is not a subject having a well-defined face, say, like that of 
a chemical crystal. It is not possible to answer this question in 
terms of common sense alone because common sense may be 
at variance with tested knowledge. It is not possible to 
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answer this question in terms of methods of attack alone (or 
the scientific method) because it excludes the knowledge 
aspect of it and therefore fails to carry us jar. Even the 
decisions making element or criteria in Scientific Method i.e., 
the nature of inductive inference has become questionable in 
the domain of atomic physics. Concepts of chance aná 
Probability have entered it. It is not therefore possible to 
give a verdict either way on the truthfulness or falsehood of a 
particular hypothesis under study when it happens to be 
parually true meaning thereby “that it would become more 
nearly so with the adjunction of further hypotheses" (9). It 
Will be a miserly and Very poor appreciation of science if it is 
identified with up-to-dateness, progress, health, happiness, 
leisure, Beecham's powder and even economic development, 
as now-a-days conceived in the developing countries. In fact, 
its essential function is intellectual in the pursuit of knowledge 
and for its practitioner, its spirit is free enquiry—no sacred 
cow to worry about either in method or in content when 
applied to any problematic situation. 


In the literature surveyed, definitions of Science have 
varied from “magic, tricks, health, hapiness, comfort, classi- 
fied common Sense, to deliver a knock out blow in an argu- 
ment, organized, Systematized, precise, accurate, objective, 


tasted and metrica] knowledge (etc.) deducible from a. limited 
number of principl 


tatioa and investig. 


causal systems, 


develop concepts that make observations coherent and logical" 
(10). 


The following definition of science is quite suitable for 
Our purpose: — 


“In the literal Sense, science means the pursuit of 
knowledge but it has a wider connotation for our 
Purpose, and can be said to mean a knowledge of 
Nature in the widest possible form. This includes 
nature study, physics, astronomy, meteorology and 
much more, It is equally important to look beyond 


p 
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mere precise definition and see what science includes, 
and the following are of fundamental importance to 
the approach to this subject. 


1. Direct and indirect observations. 
Scientific inquiry—asking questions. 
The drawing of inference from evidence. - 


2 
3 
4. Recording observations. 
5. Developing ways and means to fiud answers. 
6. Classification and checking evidence. 
Science in fact is more than a subject, it is a method 


of acquiring knowledge and of necessity the approach 
must be correct" (11). 


Aims of Science Teaching. 


From the above, it is possible to deduce the following 
aims of Science Teaching which are also referred in the 
relevant literature already surveyed. These are:— 

(a) Satisfaction and maintenance of curiosity in the 
environment. 

(b) Development of accurate observation, also coupled 
with solving problems through experimentation and drawing 
inferences from facts and observations alone. 

(c) To provide initiation and training in scientific method. 

(d) To understand and appreciate the impact of science 
and technology on society, its historical and philosophical 
importance. 

(e) To identify, to develop, train and prepare for a 
career in our increasing mechanical civilisation (12). 


Outcomes of Science Education. 


Looking deeply into the nature of science, its auto-accelera- 
iion and its aims of teaching at school, it becomes quite 
clear that as far as possible, teaching of science to its young 
consumers should include proposing problems, refining and 
defining them, setting up hypotheses and their testing with 
the help of control experiments, thinking out new solutions, 
discarding personal opinion in the light of new evidence or 
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contradictory evidence and in short, distinguishing between 
scientific information and popular information and beliefs 
etc. These initiations and expectations shoüld be brought 
down to the children's level of experience, comprehension 
and followed up later on to promote the quality of reasoning 
as the children go up the schoolladder. These visualized 
behaviour changes among the body of children are referred 
here as the Outcomes of Science Education keeping in mind 
the commonsense statement of Victor H. Noll that “The 
practical objective is not to make everyone 100% open-mind- 
ed, or 100% accurate or 100% critical (assuming that we 
know what 100% of these qualities meant) but to make 
everyone more open-minded, more accurate and more criti- 
cal then he now is” (13). These outcomes in this light are 
stated as follows:— 


1. Functional Understandings 
(a) Scientific vocabulary. 
(b) Scientific fact. 
(c) Scientific concept. 
(d) Application to new phenomena. 
2. Scientific skills. 
3. Scientifi attitudes. 
4. Scientific interests. 
5. Scientific appreciations. 


Let us discuss these briefly 
Functional Understanding 


It is not possible to define ‘Functional Understanding’ in 
one phrase or ia one sentence. It is not even possible to 
Perceive it as it arises in the child's mind, i.e. whether it is 
only a word, a fact, a concept, a principle or something 
composite called functional understanding. The lines that 
follow do not, therefore, throw light cn this aspect of the 
problem. 

Scientific Vocabulary 


It refers to words like mixture, compound, valency, spect- 
rum and electron etc. which are used frequently in scientific 
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literature and constitute an essential part of understanding 
clearly the scientific thought. The development and know- 
ledge of scientific vocabulary at various grades is essential 
because only then the children can read and study a paragraph 
of science with satisfaction, comfort and understanding. 


Scientific Fact ° 


Tt is a statement of an actual event or a physical object. 
It is mostly empirical in nature. For example: » 


1. Ice melts at zero degree centrigrade. 

2. Heat changes water into steam. 

3. Air is not visible to the eye. 

4. Sun rises in the east and sets in the west, etc. (14d). 


Scientific Concept 


Concept is an idea about the environment which may be 
at variance with tested scientific knowledge. A scientific 
concept cannot therefore be used in this sense. It underlies, 
generally, a group of scientific facts. Some of its distinguish- 
ing features are: 

1. A science concept is not always an isolated fact or even 
a specific fact about a given phenomenon or object. 

2. A science concept is objective in character. It simpli- 
fies, classifies, standardizes and inter-relates the various 
experiences. 

3. A science concept explains a certain aspect of the 
phenomena, certain mode of reaction, or behaviour, or a 
certain relationship or it governs a group of facts. 


4. A science concept is a scientific fact that does not 
contradict itself without violating some other equally estab- 
lished law. 


5. It is a practicable and usable statement specifically 
worded to be true within its statement (14d). 

These considerations apply only fora certain length of 
time because the fundamental ideas of science also change 
with the passage of time. 
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Application to new phenomena 


This aspect will be well illustrated in the next chapter 
under the heading ‘illustration of Problem Solving’. 


Scientific Skill e 


This is the second desirable outcome of science education 

which provides sufficient instructional experiences as regards 
the acquisition of skills which will function at various levels 
of proficiency as the growing children pass through successive 
grades. Of course, the need for background information is 
a good prerequisite but as regards the development of skills, 
more emphasis is on interpretation of that much information 
(e.g. learning to interpret the circuit diagrams in electronics), 
i.e., improvement as regards the methods of work. Know- 
ledge of content alone is insufficient if it is not properly 
refined by the method of discovering the additional content 
and enriching it still further. Stress is, therefore, not on the 
memory of content but on development, improvement and 
refinement of tools that manipulate the content with increasing 
gains in automatic, precise, discriminating and high grade 
manipulations as the years go by. The various (abilities) 
skills (concrete skills, general skills and abstract skills) that 
can be developed as a result of teaching General Science are 
mentioned below :— 


1. Concrete skills (Practical skills): Experimental skill, 
collecting skill preservation skill and improvising skill etc. 


2. General skills. Reading skill, writing skill, listening 
skill, computational skill and planning skill etc. 

3. Abstract skill. Ability to recognise and classify 
things on the basis of common characteristics, ability to 
analyse simple problematic situations, ability to set up control 
experiments and from there to distinguish between relevant 
and irrelevant variables, ability to test and verify one's own 
ideas, ability to judge absurdities, irrelevancies and fallacies 
and the development of insight into the assumptions and 
nature of proof etc. 


From above, it is clear that the skills under discussion 
are characterized both by physical and mental performances 


nmm nee! 
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because body and mind are two inseparable parts of the same 


behaving organism (14e). 
Scientific Attitude 


^ The third outcome in order o 
Of scientific attitudes (temper) w 
right from the very beginning in 
provided by parents, friends, neighbourhood, scnool and 
society at large. Attitude is a «condition of readiness for a 
certain type of activity". Attitudes held by the individuals 
may be simple or complex, stable or unstable, temporary or 
permanent and superficial or fundamental. Judgments based 
upon insufficient facts are likely to yield wrong results and 
thereby develop biased attitudes. Finding answers to 
problems through direct observation, adequate experimenta- 
tion, argumentation on facts, verification and testing of 


knowledge are some of the initial manifestations of scientific 


attitude. Especially for young children, these manifestations 
ized in terms of well-planned teach- 


need further to be concret 
ing situations and meaning 
This built-in intention i 
to result in the gradual grow 
vast body of school children. 
scientific temper are :— 


f discussion is the formation 
hich is a process that starts 
the immediate environment 


ful activities. 
n science teac 


th of scientific te 
Some charac 


hing is more likely 
mper among the 
teristics of this 


1. Open-mindedness. 

2. Curiosity. 

3. Judgment based upon scientific facts alone. 

4. Willingness to test and verify conclusions. 

5. Faith in cause and effect relationship. 

6. Honest reporting. 

7. More faith in the books written by specialists in their 
respective fields, and at the same time, the complete rejection 
of the principle of authority (14e). 

Scientific Interest 


Next outcome, in order of discussion, comes the impor- 
tance of interest and their development amongst the body of 
children while still at school. The teaching of Science should 
not remain confined to the chanting of facts alone but children 
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should find time and 
leisure time as well. 

that the children feel 
live. In this respect, 
because it provides a 


opportunity to make use of them in their 
In fact, it is the task of education to see 
alive in the environment in which they 
General Science Education is very rich 


great scope and opportunity as regard, 
the satisfaction of their wants, desires, sense of fun and 


ultimately the development of their scientific interests. With 
satisfying experiences, they can find their own special interests 
and help themselves in their development provided some 
guidance (not spoon-feeding) is available to them at the science 
Corner, Interests should not be superimposed ; on the other 
hand, everybody should be free to select the activity according 
to one's own inner appeal. Interests also change but become 


Stable after sometime. Some of the desirable activities in this 
connection are: 


: Making collections (seeds, leaves, flowers and minerals, 
etc.). 


Making simple Preparations (oil, soap and chemicals). 


34 Making improvised apparatus. 

4. Making Scientific models. 

5. Setting up some demonstration experiments. 

6. Visiting places of scientific interest. 

7. Interest in some multifarious activities of the science 

club. L 

8. Reading scientific journals and popular books. 

9. Describing experiences of scientific interest. 
10. 


Interest in science as a field of vocation (14e). 
Scientific Appreciations 


in order of discussion, is the 
appreciation, something akin m 
» music and literature, William Blake's 


adictory ang 
For this reason alone 
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7 stand now" (9). Scientists of all races and of all lands have 

disclosed to all of us the mysteries of nature. Our efforts 

- .. Should not therefore be confined to the teaching of Under- 
“standings alone because the concomitant elements of admira- 

ton, emotion and intellectual pleasure cannot be altogether 

easily discarded. It is a part and parcel of the History of 

Science which is at present characterized by the difficulty of 
communication in meaningful terms. As pointed out by 

Wheeler and Perkins, “the intelligence which. education is 

L calculated to develop will not grow when uprooted from the 
background of feeling from which it springs". The scientific 
content needs to be developed in an evolutionary manner 
which will impart the tinge of historical development and 
biographical inspirations and aspirations and will thus provide 
for emotional satisfactions and develop emotional depth. 
Some of the areas for developing scientific appreciations are : 


1. History of Science, scientific discoveries and inven- 
tions. 


2. Biographies of scientists. 


o 3. Impact of modern science on daily life and its implica- 
tions for the future of mankind. 


4. Contribution of science to food, shelter, clothing, health 
and hygiene. 


5. Physical environment and environment created by the 
man. 


Understandings and their applications enrich appreciations 

but cannot be taught like them. Appreciation bereft of 

M understanding is meaningless. Appreciation resists evaluation 

i because it constitutes an intangible outcome of this instruction. 

Illustrations, narrations, dramatizations, mock ups, field trips 

and other activities at the Science Corner are some of the 

factors which will create sufficient experential background. 

Later on, this can be exploited to develop scientific apprecia- 

tion because the requisite material has been first created before 
ithas been moulded. 


- 
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The above-mentioned outcomes of Science Education are, 
in fact, broad categories which need not only further specific 
Statements about subject matter in a given area of science but 
also corresponding learning experiences that will help to 


achieve what has been aimed at in terms of Objectives ang. 


behaviour changes (for first topic) by making use of commu- 


nity resources. This cuts down the cost of imparting science 
education as well (14). 


NY 
N CHAPTER , Ə 


Thinking and Problem Solving 


The development of sound thinking in the school child is 
the acid test of any first class instruction, Whether attain- 
able or not, this aim naturally ranks quite high with Science 
teachers because they usually do show concern and regard for 
Tight concept formation, efficient and improved thinking, 
Problem solving, creative and critical thinking etc. This is 
true even when both psychologists and science teachers 

Sknow very little about this mysterious process of thinking 
Which has produced tremendous knowledge for allofus. It 
is true that thinking is present in all of us to a certain degree 
but it reaches the level of original invention and discovery 
Only in very few of us. This is why the information-hunters 
and the book-worms cannot go very far in their advanced 
thinking in spite of their best and persistent efforts. For these 
Teasons, it is very pertinent to examine a few definitions of 
thinking or what is thinking considered to be by the philoso- 
Phers and psychologists from considerations relevant to 
Science teaching aud, more particularly, problem solving. 
The various views on it are mentioned below. 

Philosophers and logicians have studied ‘Thinking’ in 
terms of its product and have thus developed their laws of 
thought: Law of Identity, Law of Contradiction and Law of 
Excluded Middle etc. In a general sense, this term may 
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refer to “guessing, imagining, opining, remembering, reflect- 
ing and searching for conclusion” etc. and, ina restricted 
psychological sense, may refer to “percepis, images, vocal 
sound, feeling and ideas” etc. Occasionally, it has also been 


elucidated in terms of “mind, consciousness and judgment? f 


Symmond lists nineteen types of thinking such as learning, 
meaning, stating relationship, defining and generalising etc., 
Humphrey equates it with problem solving; for Burt and his 
students, a hierarchy of thinking abilities comprising relation, 
association, perception and sensation etc., Gestalt psycholo- 
gists emphasize the perceptual and problem solving aspect; 
Bartlet considers it a high level skill in which symbols, words, 
numbers, shapes, colours, tones—supplement and may take 
the place of bodily movements. Peel mentions and distin- 
guishes among four kinds of thinking (Thematic, Explanatory, 
Productive and Integrative) and adds that “Free association, 
remembering, reverie, fanciful association, punning, solving 
Crossword clues are also other acts of thought that do not 
fall into these categories". Lastly, Russell develops his own 
Schema starting with stimulus patterns internal or external 
through materials of thinking (percepts, images, memories 
and concepts), processes in thinking (perceptual thinking, 
associative thinking, problem solving and creative thinking act) 
to products or conclusions implying thereby that abilities in 
thinking, techniques, habits, and devices etc. can be learned. 
From above, it appears that it is difficult to define thinking and 
even when defined, its explanatory terms themselves become 
Suspect and consequently need further explanation (15). 


. Here, a valuable Suggestion has been made by Hearnshaw 
in *Recent Studies IN The Psychology Of Thinking! which if 
followed makes the investigation of “thinking a profitable 
enterprise. Thinking then ceases to be a ‘ghost’ like activity 
for the purpose of analysis According to him, thinking 
should be regarded as a skill (or group of skills) which is 
Beton: . This point of view is quite consistent with 

laget's genetic findings...-«the evidence pointing to the motor 
accompaniments of thought and the results of perceptual 
Studies emphasizing the dynamic nature of Perception and the 
acquired character of all but the simplest perceptual structures.” 


— 
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With the passage of time, this skill becomes quite complex 
and is characterised by ‘flexibility, transfer, generalization 
and accurate "discrimination processes" which ultimately 
result in the development of highly abstract conceptual systems, 
gonceptual systems of high order and generality. With this 
réstriction, the attack on the problem of thinking becomes 
possible. It is then not very difficult to investigate the 
processes of generalization and discrimination empirically (16). 


Productive Thinking 


In his book, Wertheimer develops the concept of “Produc- 
tive Thinking" and clearly distinguishes between structural 
and non-structuralsolutions. Asa firststep for the possible 
understanding of the process of thinking and the various out- 
side variables that influence it, he advises teachers to develop 
inventories'of human thought processes—a qualitative approach 
in contrast to factor analysis. His definition of thinking needs 
to be quoted here (because it seems to the writer to contain 
clearly the germ of problem solving which we will discuss 
later in the next section). 


Thinking consists of envisaging, realizing structural 
features and structural requirements, proceeding in accordance 
with and determined by these requirements, thereby changing 
the situation in the direction of structural improvements, 


which involves. 


That gaps, trouble regions, disturbances, superficialities, 
etc. be viewed and dealt with structurally; that inner structu- 
ral relations—fitting or not fitting—be sought among such 
disturbances and the given situation as a whole and among its 


parts." 


Further he empasizes the active role on the part of the 
problem solver in the thinking process. He is thus sure of an 
unbroken and undisturbed adventurous and pleasant Gestalt 
journey. In productive thinking, there is an underlying 
active process of formulation and reformulation of the 
problem (17). 
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Problem Solving 


This section refers to the application parts of the outcomes 
Of science education already discussed in the last chapter. 
Reasoning is an essential part of problem solving which itseli. 
is regarded as a complex factor comprising induction, dedu2- 
tion. and restrictive or general reasoning (18b). We have 
avoided various controversies on it (reasoning) by including 
itin problem solving. The various views on problem solving 
are mentioned below. It may be pointed out, however, that 


the educational research on problem solving itself has so far 
been very little. 


1. Problem Solving takes place as soon as the problem is 
perceived by the problem solver and is aimed at to reach the 
8oal stated by the problem. The problem is supposed to be 
not only new and novel but also at the same time, there is 
Supposed to be no direct solution available to the problem 
Solver at the time of its presentation. Moreover, it is also 
assumed that the problem solver possesses the basic informa- 
tion needed to solve the problem (18a). 


Definitions of problem solving vary from the ‘simple 
finding of exceptions" (Hazlitt) to “formal reasoning ofa 
complex nature" (Piaget). Problem Solving has also been 
defined as "combining the essentials of two isolated experi- 
ences” (Maier) or as “the integrated activity of perceptions, 
memory, recall, association, generalization and  reconstruc- 
tion of ideas" (Welch) Equally different are the problem 
situations used. They Vary from “cats in puzzle boxes or 
rats in mazes to adult human beings solving complex problems 
involving space and time relationships resulting in different 
explanations of the nature of problem solving which are not 
So much correct or incorrect hypotheses as they are descrip- 
tions of behaviour that has been evoked by different types of 
dee at different levels of. difficulty" (15e, 19, 20; 21, 22; 


2. The basic 
Solving behaviou 
Here we Should ki 


Problem is to generalize from the problem 
I evoked from entirely different problems. 
€ep the specific characteristics of the various 
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problems to themselves in order to pinpoint more on problem 
solving rather ¿than on the psychology (typology) of the 
problems. Sometimes it is very difficult to distinguish between 


learning situation and a problem situation because the former 


@des present a problem situation of one kind or the other. 
Similarly, even the most abstract problem presents certain, 
aspect of learning: *from perceived data, trial and error, 
etc. which makes the distinction. quite difficult right at the 
beginning of the experiment. Learning to tie a knot is a 
problem when faced initially. Largely speaking, we can say 
that"we speak of a problem when its solution is either by logic 
or by insight (Munn). 

3. Brownell fixes problem somewhere intermediate in a 
continuum having puzzle type at one end and familiarity and 
complete understanding at the other end. He also points out 
the artificiality of *separating problem solving from other 
learning tasks because the same objective situation may be 
seen differently by different persons e.g. a puzzle for some, 
problem and a thorough familiarity for the rest’. In problem 
solving, the role of memory should be minimum. Lastly, he 
adds that a problem solver should be able to understand what 
he is supposed to do while tackling the perceptual and the 
conceptual tasks embodied in the problems unknown to him. 
At the time of their presentation, he may experience ‘perplex- 
ity’, but should never experience ‘utter confusion’ (24). 

4. J. Stanley Gray regards problem solving behaviour, of 
course, a process, but also adjustment with difficulties and 
interferences encountered ina problem situation. It is a way 
of proceeding in spite of interferences. He suggests the 
following methods of problems solving :— 

1. Unrelated and habitual behaviour. 

Insight behaviour. 


Blind trial and error behaviour. 
Vicarious behaviour. 
Behaviour designated as “Scientific Method”. 


(ROS 


The method of course, depends upon the nature of the 
difficulty inherent in the problem (25). 
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5. In classroom situations, problem solving can be viewed 
from two angles, a way of thinking and a way of teaching. 
Psychologists have investigated and are interested in the former 
aspect i.e. as a way of thinking which occurs only “when 
there isa need for it, when the situation is baffling or unsatis¢ 
fying or when the situation presents a difficulty that cannot be 
met by other means”. The teachers are interested in problem 
Solving as a way of teaching. The research findings from these 
two angles could well be complementary and highly useful 
both in the science and art of teaching to the science teachers 
and their trainers (26 and 27). 

After considering the varied views on problem solving, we 
have tried to disentangle it form three allied areas, namely 
thinking, reasoning and learning by defining problem solving 
as—what takes place as task-oriented situation ‘is provided to 
the problem solver and is aimed at to reach the goal. More- 
over, the work task is qualified further by the features that 
govern the selection of problems stated in the next section. 
Logical steps in problem solving 

Dewey, on the basis of introspection, has suggested five 
Steps in thinking, which explain ‘most of our thinking’ which 
have influenced many others in the field and in their turn 
have suggested their own steps or stages in the problem solv- 


ing process. Such steps suggested by the various workers in 
the field are Mentioned below : 


Logical Steps 
1. Dewey (1910) 
(a) A felt difficulty. 
(b) Its location and definition. 
(c) Suggestion of Possible solution. 
(d) Development by reasoning 
tions. 
(e) Further observation and ex 
acceptance or rejection. 
2. Burt (1928) 


(a) Occurrence of a perplexity. 
(b) Clarification of the perplexity. 


of the bearings of sugges- 


periment leading to its 
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(c) Appearance of suggested solutions. 
(d) Deducing implications of suggested solutions. 
(e) Verifyitig action or observation. 


3. Gray (1935) 
(a) Sensitivity to problems. 
(b) Knowledge of problem conditions. 
(c) Suggested solution or hypothesis. 
(d) Subjective evaluation. ^ 
(e) Conclusion or generalization. 


4. Johnson (1944) 
(a) Orienting to the problem. 
(b) Producing relevant material. 
(c) Judging (a critical function) the solution. 
5. Polya (1945) 
(a) Understand the problem. 
(b) Make a plan. 
(c) Carry out the plan. 
(d) Look back on the completed solution (plus a long list 
of mental operations). 


6. Humphrey (1948) 
Directed thinking involves 
(a) A problem situation. 
(b) Motivating factors. 
(c) Trial and error. 
(d) Use of association and images. 
(e) A flash of insight (covers c; d, and e and rests on the 
problem). 
(f) Some application in action. 
7. Bloom (1950) 
The four characteristics are 
(a) Understanding the nature of the problem. 
(b) Understanding the ideas contained in the problem. 
(c) General approach to the solution of the problem. 
(d) Attitude towards the solution of the problems. 


8. Burack (1950) 


Methods of attack 
(a) Clear formulation of the problem. 


i — 
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(b) Preliminary survey of material. 
(c) Analysis into major variables. 
(d) Location of crucial features. 
(e) Application of past experience. 
(f) Varied trials. 
(2) Control. 
Œ) Elimination of sources of error. 
G) Visualization. 
9. Hoffmar and Co-workers (1951) 
Analysis of the Objectives of Problem Solving i 
(a) Sensing significant problems. 
(b) Defining problems situations. 
(c) Studying the situation for all fac 
upon the problem. 1 
(4) Manipulating the laboratory equipment needed in 
Solving a problem with understanding of its function. 
(e) Making the best tentative explanation of hypotheses. 
(f) Testing hypotheses by experimental or other means. 


(g) Accepting tentatively or rejecting the hypothesis or 
testing other hypotheses. 


(h) Drawing conclusions, 
generalizing 

10. Vinacke (1952) 
(a) Recognition of the problem. . 


(b) Manipulation or exploration of some kind. 
(c), Analysis. 


(d) Partial solving. 
(e) Emotional responses, 
11. J. Stanley Gray (1956) 
Methods of Problem Solving 
(a) Unrelated and habitu 
(b) Blind trial and erri 
(c) Insight behaviour. 
(d) Vicarious behaviour. 
(e) Scientific method. 


12. Mills and Dean (1960) 
(a) A difficulty is recognized. 
(b) The problem is clarified and defined. 


- — M 


ts and clues bearing 


Using the hypotheses for 
in terms of similar problem situations. 


al solving. 
or behaviour, 
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s (c) A search for a clue is made. 
(d) Various suggestions are made, and are evaluated and 
tried out. 
Whereas practice in the definition of problem involves : 
(a) Problem survey analysing a potential problem situation 
for items to be studied. ; 
(b) Problem description ; providing a clear statement for 


items to be studied. » 
. (c) Problem discussion : Making sure that the students 
pe understand what is involved in the problem. 


(d) Problem limitation : Isolating those parts of the 
problem that can be attacked profitably. 

(e) Planning for action : Preparing suitable hypotheses for 
investigation. 

(f) Further analysis and limitation. Tentative testing of 
hypotheses to identify those most likely to yield 
solutions. (15a, c, f, 18, 24, 25, 26, 27 and 28). 


The above-mentioned steps in problem solving are not final 
and need not necessarily follow each other in the problem 
solving process. They are in fact ‘simplified, idealized 
versions of what may take place in problem solving'. They 

^ are “heuristic rather than rigorous proof”. There is another 
view as well. 

After the Wurzburg School, many investigators (Dewey 
Selz, Duncker etc.) have found it convenient to “see stages in 
the problem solving processes and in due course of time these 
stages have acquired a “natural status'. “Each of this stage 

_— has generalized characteristics resembling a learning set” and 
Se it was left to Duncker (1945) who ‘first elaborated the concepts 
~of set, determining tendency and anticipatory schema from 
thè Wurzburg School into the more generalized concept of 
search model’ called ‘Strategies’ (Good-now and Austin) or 
some ‘key factor’ (Guilford, Merriefield, Christensen and 
Frick) later on ‘in determining efficiency of creative thinking’ 
(23). 
Illustration of Problem Solving 


From our discussion of problem solving, it becomes clear 


that every term in the area of thinking needs further self- 
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explanation. It, therefore, becomes very pertinent to concre- 
tize ‘What problem solving is’ by illustrating a few examples. 
Before we do so, it will be better to mention the type of 


problems that can be used for investigating thought proces 


The problems can be classified as follows : 


(@) 1. Explanation } Here these have been distinguished in 


Prediction terms of goal. 


3. Invention 


In the first type, the event is to be explained, in the second 
type, it is to be predicted and in the third type, it is to be 
invented by “creating a novel set of conditions that will result 
in a specified event”. 

(b) It is not a rigid classification. The typology ç of 
Problems can be distinguished from the following three points 
of view : 

1. The nature and difficulty of the problem. 

2. Ways and methods of achieving the solution employed 
by the subject. 

3. The nature of initial and goal situations. 

Regarding (3), the problem may be interpolatory (explicit 
data and explicit goal) or extrapolatory (explicit data but 
goal is not defined i.e. to anticipate consequences). There are 
two other situations. 

(2) Where, the situation contains a specific goal but the 
data are not explicitly defined, e.g. 

(G) Prove that the sum of the angles of a triangle is equal 

to two right angles. 
Gi) Why has technology developed so rapidly during the 
last 60 years? 

(b) Where there are neither data nor goals in the problem 
Solution. These are referred as pre-problems. These pre- 
Problems can also be further distinguished. 

G) Neurotic persons' problems (i.e. those who worry too 

much) 

(i) Selection of a problem by a research student (2), 

(c) Koffka distinguished three types of problems, namely, 


. Q) One in Which data themselves contain everything that 
1s needed for the 


Process of solution (see Wertheimer and 
Duncker); 


— a 


= 
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(2) Jokes as used by Harrower and Claparede; and 

(3) Problems used by Kohler and later on used by various 
research workers. Koffka further recommended the use of 
problems that intentionally invite wrong answers. He quotes 
one used by Harrower. 

We may tell a subject like this: Swimming under a bridge 
there are two ducks in front of two ducks, two ducks behind 
two ducks, and two ducks in the middle, asking him how 
many there were in all. 

The readers will say imm 
ducks. Their answer is based upon 


ediately that the answer is six 
the following organization:- 


O O 
O O 


t the correct solution. The above 
ceed in inviting a wrong answer— 
oness (3X2=6)- A 
is not likely to be 
'The correct solution is four 


first attempt. tion 
the following organization: 


ducks which can be judged by 


O 
O 
O 
O 
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A systematic employment of this method should reveal a 
number of factors which determine organization in thought 
Processes (29). Sayal and Vaidya used this technique for 
investigating problem solving in arithmetic among three 
distinct groups of sixth class Students, group 4 being the top 


found that with respect to the category X i.e, problems inviting 
wrong answers intentionally, the difference between means for 
the groups B and C is not significant (t="60) but between the 
groups A and B, means is significant at 5 per cent level. This 


(4) A much easier Classification is based upon topics ie. 
all problems which deal with decimals are put together in one 


(e) Personal experience will tell any investigator that it 
is very difficult to Classify problems into clear-cut categories 
especially when they involve a chain of `reasoning which can 
be pitched both at concrete and abstract levels. The follow- 
ing classification, in this light, can also be considered. 


Problems can be classified as 
| 
| 


| 
| | | 


; | | 

Experimental Symbolic problems Numerical Mixed 
Problems (dealing with Problems 

(Piaget type) symbols) (dealing with 


numbers) 
Past experience, approach to the problem and demand of 
the problem may also effect the typology of problems in 


Certain cases, It may then become either a new type test 
item, a traditional question 


Solve it, A su 
Should be clas 
in the study. ( 
Sur experime 


gestion may be made here that the problems 
Sified in terms of hypotheses likely to be tested 
See the analysis of problem solving processes in 
ntal study of problem solving) (28). 


kË 


THINKING AND PROBLEM SOLVING 61 


Selection of problems 

The choice of a problem is very important in investigating 
thought proce$ses. A problem, carefully selected, initiates 
thinking in different directions. For selecting such problems, 
the following criteria should be kept in mind : 

1. The reading difficulty of the problem should be low. 

2. The problem chosen should be neither too difficült nor 
too easy. If possible, it should be based upgn the daily 
experience of the children. 

3. It should be as far as possible new and novel to most 
ofthe students. At the same time, they should possess all the 
basic information needed to solve the problem. 

4. It should not be too bookish. It should not demand 
much specialized knowledge or information. At the same 
time, it should be as diverse as possible, general, perplexing, 
demand thinking and provoke action. At the same time, it 
should not at all produce utter confusion or ‘mental dazzle’. 

5. Every pupil should be able to solve at least part of the 
problem; and 

6. Lastly, the problem should provide for : 

(a) Setting up hypotheses and their testing against the 
data. 

(b) Inclusion of qualitative, concrete and formal solutions 
which may even end in mathematical generalizations 
and its application. 

(c) For crucial elements and 

(d) For gradual development and growth of the solution.?5) 


Illustration of problem solving 
Experimental problems : (17 plus onwards) 

You are givenfa battery, one bulb, and some one-way and 
two-way switches and some connecting wires. Your problem 
is to find a circuit enabling you to switch on and switch off the 
given bulb from two different points. 

The background information needed for this problem is 
the working knowledge of one-way and two-way switches. The 
general experience with this problem is that it is neither too 
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difficult nor too easy but is rather quite awkward to solve. 
The solution consists in getting at the idea of a parallel 
Circuit. ° 


Problem 2 (12 plus onwards) 
This depends upon the application of the laws of reflection 
and knowledge of the angle of deviation. The concrete part 


is easy but the formal Proof is reached in the sixth form 
only. ç 


A ray of light falls successively on two plane mirrors held 
at an angle (not necessarily touching) and thus suffers reflec- 
tion twice. It is then deviated from its original path. The 
angle of deviation may depend upon :— 


(a) Angle of incidence. 

(b) Distance between the mirrors. 
(c) Length of the mirror. 

(d) Angle between the mirrors. 


The factors (b) and (c) caused difficulties and had to be 
dropped. The problem is then solved concretely that angle of 
deviation is equal to twice the angle between the mirrors and 
is independent ofthe angle of incidence. To avoid experi- 
mental errors, hypothetical data can be supplied. The problem 
Still involves Setting up hypothesis and testing them against 
the given data. 

Symbolic Problems 


In this case, th 
fact hard exercises in algebra, 


Sixth formers taking up A level Physics. In many cases, when 


Wards. The problems turned 9ut to be quite time-consuming 


but they do throw light on the problem Solving process. Two 
Such problems are now mentioned. 


Problem 3 (16 plus onwards) 


A mass of M pounds rests on a smooth horizontal table and 
Is attached by two inelastic Strings to marks m and m’ Un'2-m) 
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which hang over smooth pulleys at opposite edges of the 
table. Show that the acceleration of the system is : 
° m'—m 
fm SEEMS 
Problem 4 (15 plus onwards) 

A convex lens casts a real image ofa candle flame on a 
Screen. The lens is displaced through a distance x (the candle 
and the screen remaining fixed) until the image gn the screen 
is again sharp. Show that the focal length of the lens is given 


by i ( qe) where d is the distance from candle to the 
Screen. 
Numerical Problems 
In this case, the problems deal with numbers but they are 
definitely based on some scientific application of some known 
law or principle. They test more than the computational 
ability. Two such problems are now mentioned. 
Problem 5 (16 plus onwards) 
_ A small luminous body 100 cm. deep emits rays upwards 
in all directions. A circle of light is formed at the surface of 
water by rays which are refracted into air. Beyond this circle, 
the rays are reflected back into the tank. Find the radius of 
the circle (u=$). 
Problem 6 (14 plus ownwards) 
A boy drops a pebble down an empty well and hears it 
hit the bottom after three seconds. He shuts down the well 
and hears the echo after second. The speed of the sound is 
1058 ft./second. How long does the stone actually take to fall 
from top to bottom ? How deep is the well ? 
In this problem, the time taken by the stone to fall from 
top to bottom can be calculated in two different ways. 
Mixed Problems (16 plus onwards) 
In this case, the problem involves symbols as well as 
quantities. These problems are generally comparatively 
easier than the symbolic ones but they do involve seeing 


relationships. 
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Problem 7 (15 plus onwards) 


When two long magnets are arranged with their axes 
along the same straight line so that their north poles face each 
other at a distance of 6 cm., a point of zero intensity is found 


2 cm. from one of the poles. What is the ratio of their pole 
strengths? 


If the field intensity midway between the poles is 5 dynes 
per unit pele in a direction towards the weaker pole, what 
are the individual pole strengths of the magnets? 

Problem 8 (77 plus onwards) 


It is based upon Kirchoff's laws and the problem is to 
find current flowing in the galvanometer when the given 
bridge is unbalanced. The diagram is shown below. 


Concluding statement 


We have attempted, in this chapter, a working definition 
Of problem Solving by deliberately avoiding terms like 
concept formation, creative thinking, critical thinking, insight 
and learning. We have also pointed out the place of reasoning 
in problem solving. If the problem solving is tied to the task, 
then the nature of the task itself becomes suspect. We have, 
therefore, suggested the necessity of using problems as diverse 
as possible. This is not even sufficient. We have, therefore, 
further developed multiple criteria for the final selection of 
problems which may finally help us in investigating assump- 
tions underlying thought processes. Lastly, the final test for 
the selection of the problem is by its actual administration on 
pupils varying in age, intelligence and achievement. 


ee a ee 
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The concept of stages or steps is shown in its proper 
perspective, i.e. it is done for convenience only. The steps 
or stages as such do not clarify any psychological principles 
because it is possible to find stages in any problem. Piaget 
has, of course, given his commentary on the basis of some 
selected protocols right from the pre-operational stage to the 
logical stage by seeing all the stages in perspective. Even 
then, the ¿content aspect of the problem has not received 
adequate attention. This appears to be the reason why factor 
analytic studies have failed to support Piaget’s ideas. In this 
respect, Inhelder has pointed out the following two conditions 
which must be met before we can attempt to verify his 


(Piaget’s) ideas: 
1. “The response to a given problem shows a constructive 


and constant change with age. 
2. That a group of the problems formed a Guttman 


scale" (19). 
Lastly, longitudinal studies are still needed to confirm our 


ideas finally about the theory of problem solving that may 
eventually result from such studies. 
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CHAPTER 4 


Survey of Human Problem 
Solving with Special Reference 
to the Teaching of Science in 
the Light of some Theoretical 

Considerations 


In this chapter, we attempt an up-to-date survey of human 


Problem solving with special reference to the teaching of ` 


Secondary school science. In this context, all studies Telating 
to animal studies, thinking (autistic, associative, creative and 
critical relationship between language and thinking, concept 
formation (including concept attainment, abstraction, 
generalization), memory, imagination, attention, believing, 
judging and rival theories of learning etc. are excluded from 
consideration straightaway. Exception is made only where the 
reference is relevant or incidental. Lastly, the whole area of 
problem solving is reviewed not only from a theoretical angle, 
but important researches conducted abroad are also reviewed. 


The relevant literature is examined further in its strengths and 
weaknesses. 


It will not be out of 


place to mention the outstanding 
conclusion at this place w. 


hich emerges out of this survey. 
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Since the beginning of this century, we are not very far from 
the starting point even to-day. This hit-and-miss experience 
has really not been so futile as it may appear to be because 
today we know the kind of road we have to traverse which 
we did not know at the beginning of the century (31). 


Problems yet to be investigated 


The field of problem solving as a whole still poses certain 
problems that are yet to be investigated beforé we can fully 
understand the basic assumptions underlying human thought 
processes, It is very likely that the answers to these questions 
will have an import equal to the concept of Periodic Table in 
chemistry or the concept of Quanta in atomic physics for the 
whole field of psychology as well. Let {us now consider the 
problems posed by the various workers in this field. 

(a) Cohen. The role of past experience in the thinking of 
an individual has been investigated very little. *What makes 
people attack problems' will contribute to our understanding 
in this area (32). 


(b) Johnson. An adequate understanding of problem 
solving requires “knowledge of the development of even higher 
organisation (as compared to concept formation) of data such 
as the concept of self, points of view, frames of reference, 
and more complex patterns of inter-relationships illustrated 
by the family pattern, the syllogism and the pattern of indust- 
tial expansion." A full psychological description of problem 
solving will reflect the “attainment of the mastery of such 
materials". He suggests that the study of individual differen- 
ces in thinking in relation to the other personality variables 
would be quite worth-while (33). 

(c) Vinacke. The whole area is open for investigation. 
For penetrating analysis in this area, he suggests the case study 
approach as the best method for yielding results. It may 
then be possible to know whether any common patterns of 
thinking exist for individuals or unique thinking pattern is 
characteristic of each individual. An experimental approach 
in a broad frame of reference, and whereas many variables as 
possible are considered, is needed to answer these questions 

(34). 


68 PROBLEM SOLVING IN SCIENCE 


(d) Duncan Carl P. The whole area of problem Solving 
has been loosely developed. He then Stresses the position of 
Ray and Underwood : “Although theoretical developments 
are not necessarily unwelcome, the basic need in problem 
Solving is experimental determination of the functional rela- 
tionship between dimensionalized independent variables and 
probleni solving performance" (35). 


(d) Wheeler D. It is Strange that in our highly scientific 
world the study of thinking processes underlying scientific 
reasoning has received Scant attention uptill now. The reason- 
ing processes of Supernormal children particularly need 
urgently to be investigated (36) 


(e) Geneva School. Piaget and Inhelder have emphasized 
the importance of investigating logical thinking among children 
and adolescent pupils. Their contribution in this field is itself 


quite monumental, The educational implications of their 
work are still under study (37). 


(g) Peel. In his book ‘The Pupils Thinking’, Peel makes 
i undertaking studies in terms of 


(h) Ennis R.H, Dealing with a co 
ing, he points out the 
Psychology and education. 
variables like set, motivatio 
etc. is quite obscure. Th 
workers when they attempt 


ncept of critical think- 
gap on thinking in the field of 
Even now, the role of outside 
D, aspiration and ego involvement 
us more difficulties arise for the 
to dig deeper in this area (39), 

G) Travers. If one goes throu 


Problem Solving, it appears 
theoretica] frame 


gh the relevant literature on 


that the whole area lacks a 
of reference (40). 


While Teviewing resear 
With special refer 


Says that there i 


ch on science teaching 
ence to the methods of Science teaching, he 
S very little Tesearch on “the relationship 
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between the behaviour of science teachers and other variables 
such as the behaviour of their pupils". We have yet to gather 
clear-cut empirical evidence on the relationship between “the 
quality of experience" and the consequent behaviour changes 
ensuing from it” (41). 

From above, it is clear that there are many difficulties 
which need to be tackled before we can understand clearly 
the area of problem solving including thinking. The difficulty 
lies in failure to understand the sequence of reasoning from 
early childhood to late adolescence, the relationship between 
the various characteristics of problem solvers and problem 
solving under various situations and the role of past experience 
in the solution of the. problem. This difficulty does not end 
here because there is no commonly agreed definition of 
problem itself i.e., “what is a problem ?” Despite this, there 
have been a few theoretical attempts and some good research 
studies in this area which have relevance for science teaching. 

With this as the background (mostly as problems), we will 
now survey the whole field under the following heads : 

Section A 

(a) Maltzman's theory 

(b) Programmed learning 

(c) Gestalt School 

(d) Phenomenological theory 

(e) Geneva School 

(f) Acceleration of mental development 

(g) Factor analytic approach 

(h) Information processing. 

Section B 

Significant researches on problem solving and problem 
solving in science are mentioned in this section. 


SECTION A 
SOME THEORETICAL CONSIDERATIONS 


From the practical point of view, the concepts of condi- 
tioning and reinforcement for initial learning including 
teaching of skills are very useful at the beginning of the learn- 


ing process. However, these concepts do not go far enough 
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to explain the higher process of thinking e.g., original thinking. 
According to Pauli, the aim of Science teaching is not only 
the acquisition of information and skills (of course, this is 
desirable) but also to "attain the understanding of the rela- 
tionship which concepts the answer to the problem" (42). 

(a) Maltzman's theory. 

Malizman has propounded a full description of thinking 
from the btehaviouristic point of view. It is based upon 
S-R theories and takes its cues from the studies of Hull. 
He suggests a compound temporal hierarchy which covers 
“divergent trial and error mechanisms and the convergent, 
discrimination learning mechanism”. Regarding reinforce- 
ment (or extinction), its effect is not localized i.e., confined 
to a particular member alone but supposed to generalize 
to the other members as well. Mediated generalizations 
is a basic idea in his theory which is accomplished by lingu- 
istic responses. The role of anxiety, failure to solve a 
Problem, failure to overcome a set and the recurrence of 
interfering responses are fully explained by his theory. 
According to him, training in original thinking is possible 
provided suitable techniques are devised which bring about 
that type of infrequent or uncommon behaviour considered 
relevant to those conditions. His theory, however, fails to 
explain such tasks as the two-string problem (Maier) but yet 
it is one of the most fruitful theories in problem solving. 
His ideas have been further extended by Cofer (1957), Judson 
and Cofer (1956), Judson, Cofer and Gelfand (1956). All of 
them emphasize “the role of verbal responses as mediators in 
response hierarchies” (43). 

(b) Programmed learning. 


Programmed learning (instruction) is not a new idea 
in our times e.g. Pavlov's experiment on dogs, E. L. 
Thorndike’s Systematic topic analysis in school subjects, 
his laws of learning, particularly, his law of effect, 
diagnostic testing and teaching based on it especially for 
backward children (Burt and Schonell’s work) and the 
conscious and unconscious effort of the practising teachers to 
state the objectives of teaching their subjects more specifically 
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and assessing them more objectively and thereby to choose 
right learning experiences and tasks suitably graded including 
practice exerciŠes. Skinner (and his co-workers) developed 
the basic ideas of programmed learning (instruction) from his 
investigations in the area of animal learning. The most 
important notion in it is that of immediate reinforcement. 
According to him, it is possible to teach advanced skills to 
rats, cats and pigeons etc. which they did not possess before 
the beginning of the experiment by breaking the advanced 
Skill into the smallest possible bits and choosing the most 
relevant and meaningful stimuli and responses which fit into 
each other like the various links in a long chain (conditioned 
view of advanced learning). For achieving these purposes, 
advanced electronic equipment came handy to him. Thus 
he was able to teach pigeons, for example, to dance in 
intricate patterns orto play pingpong game till their beaks 
bled profusely. The activity itself appeared to motivate the 
Pigeons to continue the game for quite a long time. According 
to him, class-room learning is deficient because the correct 
responses are not adequately reinforced at the proper time. 
Thus he arrrived at the basic notion of reinforcement 
(immediate reinforcement and the conditions surrounding 
it) and applied it successfully in the so-called teaching 
machines now getting quite popular in some advanced 
countries like U.S.A., England and U.S.S.R. 


Let us consider the following two examples :— 


(a) Suppose, we wish to teach the spelling of the word 
‘manufacture’. A suitable little introduction and instructions 
are given successively to motivate the pupils and directing 
their attention to the position of important letters or a group 
of letters (Fact) in teaching the spelling of the new word. The 
programme for teaching the spelling of this new word is some- 
thing like this : 

(a) Copy this word MANUFACTURE 


(b) U comes between N and 
F; now complete the MANXFACTURE 


word. 


E 
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U also comes between T WE 
2 and R and now complete MAN £& E ACT * 
the word . 
(d) U comes twice i.e. xe 
en letters N and F an RE 
T and R. Again con MAN x FACT * 
« plete the world. - 
Th is the word Fac RE 
P in She spelling of the MANX KAKKK 


word. 

Similarly ‘man’ 
vanish gradually. 

(b) Matter is made up of atoms. 

Table is matter. So table is 

made up of 

Similarly brick is a matter, 

So brick is made Up. of...... atoms 

Brick and tabl are matter. 

ach of them Occupies space 

and possesses weight. There- 

fore matter Occupies.......... 

yeusves sve and possesses... 


>and so on till all the cues are made to 


atoms 


Space and weight 


Sions and many variations within the same 
Version are possible depending upon the specific objectives 
€ nature ofthe Pupils and the expertise of 

he pupil himself reacts bit by bit to the 
Whole Programme as the amount of information presented at 
each step is very Small. He thus learns what he is expected to 
learn by the Progra: i t the help of the teacher. 


€ all the time, There is nothing wrong with the pupil 
if he fails to learn. The fault 


© further rectifie 
Pupils are able 
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Lastly, it is possible to programme anything, theoretically 


speaking, that can be verbalized say in language, mathematics 
or science. o 


Programmes so far developed have been criticized on the 
ground that they fail to develop literary appreciation, construc- 
tive imagination, thinking (critical, creative and original), 
emotional and artistic sensitivity and in no way at a?! help a 
student to memorize a long poem etc. Of cours, for the 
teacher, part of the donkey's heavy load is unburdened to 
some extent. Controversies still centre around efficacy of 
errorless learning, utility (immediate and ultimate) and 
desirability of the immediate reinforcement, amount of infor- 
mation contained in the step, the structure of the programme 
itself (linear or branching), role of anxiety and frustration 
(their importance and significance) in learning (Bugelski, and 
Water-house and Child) and exclusive use of verbal materials 
alone. Researches will answer these problems fin due course 
of time but it is still possible to achieve the objectives of 
teaching by emphasizing programmed methods (techniques) 
if we do not bother ourselves too much with the above- 
mentioned controversies. Teaching sequence is strengthened 
(provided we know its weak points) if we choose and use 
different types of learning tasks (and presentation medium) 
suitably graded e.g. maps, pictures, practical work, paper 
programmes, models and tape recorders. Infthe light of 
objectives, we can train our pupils to react educatively on 
their own to these learning tasks. This is the first step towards 
self-education and programmed techniques rather than prog- 
rammes which as understood and available today show a 
great promise in the near future (43b and c, 44). 


(c) Gestalt School. 


Wurzburgers were the first to investigate thought experi- 
mentally. For this they developed their own method called 
*systematic or experimental' introspection. They were not 
much interested in problem solving as such but confined them- 
selves to such questions as *what is the consciousness when we 
are thinking of? Why does a subject start thinking?". They 
therefore considered consciousness as passive entities govern- 


` 
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ed by logical rules. They did not distinguish between produc- 
live and reproductive knowledge (or thinking) as the same 
laws applied to both. With the appearance of 4 comparatively 
more fruitful and productive model, the whole approach of 
the Wurzburg school fell “like a house of cards silently and 
without any resistance” (48). à 

This productive model was the Gestalt psychology which 
was first, propounded by Wertheimer in 1912. This school 
violently auacked the prevailing association psychology 
(structuralism, functionalism and behaviourism) then prevail- 
ing in America. It is interesting to note that this Gestalt 
school is also deeply rooted in philosophy and physiology. 
Further, it also attempts to contribute to the “integration of 
matter, life and man’. Thus speculations, for these two 
Teasons, entered in Gestalt psychology which provided oppor- 
tunities for the behaviourists to attack Gestalt psychology 
quite fiercely. 

The following are the important features of Gestalt psycho- 
logy :— 

(a) Laws applicable to perception extend to thinking as 
Well as to the objects of thought. 

(b) Itis neither additive nor ,summative, neither product 
nor process. It is a ‘prime fact of experience’ like the concept 
of molecule in chemistry which does not share the properties 
of the constituents composing it. 

(c) Behaviour always takes place in an environment. 
Psychological processes operate in the present (prevailing) 
field which are subject to Gestalt forces. 

(d) Role of past experience and memory is minimally 
stressed (40 to 51). 

Wertheimer, Koffka and Duncker have emphasized the 
dynamic nature of the field and stated the major problem of 
thinking. With reference to science teaching, two basic notions 
appear to emerge from their work, these being productive 
thinking and insight. We will elucidate these two concepts by 
referring to their work in brief. 

Wertheimer 7 

Being dissatisfied and finding inadequate the existing 

“approaches of traditional logic and association theory, he 


v 


—— ——— 
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posed to himself the following problem and then attempted to 
answer it himself. Throughout his discourse, he was quite 
aware that every word in his statement contained a potential 
problem for further investigation and research. 

He asks: What takes place (occurs nnd happens) when 
thinking moves ahead and works productively. We cannot 
answer this question for the simple reason that we ^annot 
observe these thinking processes directly as they go Jn in the 


conditions both favourable and unfavourable that influence 
attitudes towards good (or bad) thinking and the methods of 
improving thinking. Lastly, he distinguishes between struc- 
tural and non-structural solutions when he discusses some 
problems relating to parallelogram, sum of the angles ofa 
polygon and the summation of series which are quite well- 
known in literature (47). In this very thought-provoking 
discussion, the very transition of a non-structural to the 
structural solution remains obscure (at least to this author). 


Koffka 

He posed to himself the following question and failed to 
answer it: How does the problem attempt to resolve itself. 
and find its answer 9 How does the stress set up by it attempt 
to create conditions which make the answer to the problem 
possible? It should be remembered that the “arousal of a 
new process is not in all cases a problem of traces”. The 
immediate cause is still shrouded in mystery. Wertheimer, 
Duncker, Maier and Claparede have all along recognized this 


problem (45). 


Karl Duncker E 
He investigated the thought processes of University 


students by using practical type of problems which had clear- 
cut solutions. His main aim was to find out how and in what 


manner the solution of a problem arose from the problem 
itself. According to him, there is a problem when one has a 
goal but does not know how to attain it there is then ‘recourse 
to thinking’. Two of his world famous problems are now 


mentioned. 
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1. Compensated pendulum. You have seen a pendulum. 
The slowness or fastness of the pendulum depends upon its 
length—the distance between the point of suspension and the 
centre of gravity of the bob. In winter, this length decreases 
and the clock goes fast and vice versa in summer. But we 
want the clock to run with absolute accuracy. How can this 
defect be remedied ? Lastly we are “only concerned with the 
length of the pendulum, the rest, the pendulum may. ifave any 
appearance at all". 

2. Stomach tumour. There is a patient suffering from an 
inoperable stomach tumour. Radiation at different intensities 
is available. The problem is to treat the tumour without 
destroying the healthy tissues surrounding it. What can be 
done ? 

The experimental procedure employed is simple. The 
Subject is asked to speak about the various ideas (stupid 
and foolish) that strike bim during problem solving. The 
subject is free to question the experimenter whenever the former 
does not feel completely informed about the problem. This 
dialogue continues till the problem is solved partially or fully. 

The basic analysis of one such complete protocol in its 
basic essentials for the second problem is shown on the oppo- 
Site page (46 and 49). i 

Tt will be of interest here to refer in brief to the solution of 
another problem (simple pendulum) in which each subject 
(fifteen year old pupilin Central London) was asked by this 
author individually to suggest and set up control experiments 
so as to determine the length of the string as the sole relevant 
variable out of the other irrelevant variables like weight of the 
bob, size of the bob, and amount of amplitude etc. which 
influenced the time period of the simple pendulum. Then the 
solution of the problem for the entire sample (N=31) was 
seen something like this— a 2 

(a) Extraneous and arbitrary considerations. No solution 
was given by 16 pupils but one could find extraneous and 
arbitrary considerations entering their responses: Some 


characteristic responses Were : 


‘Guess weight of the bob is 4 ounces (control 


weight factor) and radius 2 inch (for volume you 
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know). Cut off the bob and cut off. the string (then 
there is no problem at all). You make it smaller 
and longer. The pendulum goes fast^and it goes 
slower. With heavy bob, it goes slower. Measure 
the swing. Yes but I was in fact thinking of the 
policeman (bob !) all the time (Confusion of words). 
Get a cup of water and I find its volume. (Control of 
Yolume). The moving bob will injure my eyes. It 
is$tupid to see the ball going like this. It goes as 
muca as you like (control amplitude factor). You 
can stop the bob. I look stump on this problem’. 


While engaged in Solving this problem, many extraneous 
and arbitrary considerations turned up from the academic 
group right down to the remedial group. These considerations 


were quite irrelevant to the solution of the problem but were 
given by all categories of pupils. 


(6) Grasping the essence of the problem. Fifteen pupils 
showed the awareness of the fixed time (control time). Only 
Seven out of them were able to Suggest control experiments 
which excluded the above-mentioned three irrelevant variables. 


Those who have solved this problem became aware of the 
portance of the fixed time (or count) after a few trials of 
the demonstration experiment itself, They are then asked 
(individually) to explain the consequences of the control 
experiments. The way they make judgements is more impor- 


tant to us than the recording of actual observations. The 
latter are in fact discouraged if th 
their sequence (chai 


im 


Choosing suitable bobs turned out to be quite difficult. 
Concepts of bobs having same weight but different volumes 
and vice versa tended to block their thinking for a long time. 
They sat silently with pencil in their mouths and appeared to 
have turned deaf even when asked : “What are you thinking 
now?" They all appeared to be forgetful and then started 
stating their methods. They felt lot of difficulty in expressing 
their methods and Sometimes their chain of reasoning was so 
fast that it was Very difficult to follow. For our purpose, they 
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appeared to have grasped the essentials of the problem when 
questioned thus : 


For getting rid of the weight of the bob, you will take 
string of what length (lengths) What about amplitude ? 
What about volume ? What about count ? (For the statement 
of this problem, see the next chapter). i 


The following conclusions emerge from Duncker’s studies. 


l. One solution is as good as any other so far as the 
‘way out’ of the problem situation is concerned. What is 
reflected in fact is the degree of the acceptance of the 
demands of the problem. Extraneous considerations enter 
into the problem situation when the essential aspect of the 


problem is not grasped. 


2. Duncker then distinguishes between functional solution 
and the specific solution. The functional solution may be 
right or wrong. It only reflects the general range or approach 
or even availability of ideas on a particular , problem. At the 
specific execution of the solution stage, the problem is simply 
to fill in the minor details only. He then goes on to distin- 
guish between meaningful errors and stupid errors. The 
former arise in the specific execution of the right idea and the 
latter ones arise when the grasp on the problem is either 
absent or too poor. He is then able to distinguish between 
organic solution and mechanical solution by the type of 
behaviour shown by the subjects during problem solving 
(In the final written form of the solution, this distinction is 
very difficult to maintain and Duncker is aware of this diffi- 
culty.) The organic solution is meaningful, less elegant, long 
and time-consuming whereas the mechanical solution is 
concise and follows a set pattern. Moreover, in the case of 
organic solution, one sees clearly the evidence for the analysis 
of the goal, analysis of the situation or conflict (“where is the 
ground of the trouble ?") and analysis of the material. For 
instance, Piaget's work on number shows the concept of 
mechanical solution in the case of children who compute 
accurately without even understanding the basic ideas. 
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3. Generally speaking, in the case of a successful solution, 
each response to the problem situation is in faqt the reformu- 
lation of the problem developing organically. In prospect, it 
is the nature of another problem (Concretization of the goal) 
and in restrospect the nature of a partial solution to the 
problem. The formulation of the problem more productively, 
then, implies the emergence of one or more functional solu- 
tions whéie a specific statement or a series of specific state- 
ments leads to the final form of the solution or solutions). 


4. Role of cues and hints. Cues and hints are only under- 
stood when they approach the “genealogical line already 
. under-development" which is in conformity with Selz's General 
Law of Anticipation: “An operation succeeds the more 
quickly, the more the schematic anticipation of the solution 
approaches a complete anticipation." Cues and hints are not 


understood straightaway in the absence of any past schema 
approaching completeness (28). 


. 5. Solutions learnt mechanically (i.e. without understand- 
ing) tend to be forgotten in the near future. Past experience 
then does not guarantee success because the very essential of 
the problem was not grasped then. 

Productive thought and insight. 


Gestalt Psychology originated in the field of perception and 
the Gestalt laws developed in this area were shown to be applic- 
able to learning, thinking and thought processes. Thinking 
Was not a process reproducing knowledge or “thought was not 
an unaltered return of the previously learned experience" as 
hitherto considered. Even the recall would depend upon the 
prevailing conditions i.e. the very recall of the solution will be 
as good as the 'prevailing conditions allow. It was thus 
that Wertheimer distinguished between structural and non- 
Structural solutions. Duncker and Katona (another Gestalt 
Psychologist) explalned productive thought in terms of synthe- 
tic insight and Meaningful versus rote learning. Szekley went 
a step further by making an emphatic statement that the “very 
Teorganization of knowledge is retrospective in character”. 
With reference to school science teaching, this writer is of the 
opinion that the concept of productive thought is more basic 


— 


WF 
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than the concept of insight. In fact, the concept of insight is 
tied to the productive thought rather than the other way round. 


Insight 

This concept was first introduced in literature (animal 
psychology) by Kohler for describing the behaviour of 
chimpanzees when they successfully solved the problem. The 
suddenness of solution is implied when one talks of insight, 
its main distinguishing characteristics being click (Graham), 
aha experience (Hartman) and eureka (Ogden). The oppon: 
ents of this new term attacked this concept fiercely and 
characterized it as ‘mystic, mysterious, antiscientific and 
accidental’. According to them, this is so because it is not 
possible to anticipate this moment. Consequently, this term 
has itself needed a lot of explanation since its inception. All 
appear to agree that insight occurs when there is seeing of 
the new relationship, a restructuring of the field or an integra- 
tion of experience. The factors favouring it are high intelli- 
gence, quality of the past experience and nature and content 
of the problematic situation. 

If there is intelligible world, Duncker tried hard to 
distinguish between analytic insight (reproductive knowledge) 
and synthetic insight (productive knowledge). It is difficult 
to distinguish the solutions on the basis of these two subcon- 
cepts especially when ‘understanding and inference may be 
present both in successful and unsuccessful attempts’. This 
difficulty further increases when Gestalt psychology does not 
evaluate productive thought (see Peel). This means that “the 
flash of insight is not an evidence of an unusual height to 
which intelligence has soared but an aptness of the solution 
suggested”. It appears that the word ‘insight’ is tied to the 
various changes in the problem situation itself which impart 
the experience of insight to the problem solver. Van De 
Geer appears to have said the last word on it when he says 
that it formerly meant an inner experience, then a certain 
kind of behaviour and now a psychological principle. 
Productive thought 


Gestalt psychology does not evaluate solutions. One solu- 
tion is as good as the other provided the demands of the 
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problem are fully met. Productive thinking appears when 
a new problem situation (material, personal or social) is 
encountered by the problem solver. Productive thought is 
characterized by an element of forward thinking, by changing 
or restructuring the problem situation effectively in order to 
achieve the goal, by restructuring and restating the problem in 
the light of past explanation and contains ingredients of solv- 
ing the problem through analogy, selection, coordination and 
structuring and restructuring (see Peel). 


From above, it is clear that Gestalt psychology has impli- 
cations for science teaching. 


: 1. It visualizes an active role for the learner fin his learn- 
Ing process—he is not a passive entity. This implication is 
naturally linked with self-study and self-education. 


2. It discourages the acquisition of facts, concepts and 
principles without understanding. 

3. It stresses divergent thinking (see Guilford) i.e. going 
far beyond the starting point in one’s thinking by setting up 
all Sorts of hypotheses (open hypotheses) and testing them 
either against the given data, the demands of the problems or 
setting up control experiments for excluding irrelevant vari- 
ables. Thus new scientific concepts (insights) are gained 
through a series of acts of discovery, however small these 
may be (67). 

4. Duncker has said the last word on teaching (see Peel) — 


‘Proceed as organically as is feasible—even at the cost of 
brevity and elegance’ (46, 47, 48, 49, 50 and 51). 
(d) Phenomenological Theory 

This theory of problem solving has been propounded by 
Van de Geer. It is a philosophical doctrine which dates back 
to the writings of Hussrel. From the psychological angle, it 
meant ‘return to the immediate data of consciousness (direct 
experience) and the presence of meaningful structure in the 
world’. This descriptive form of phenomenology has influenc- 
ed psychological thinking since then. Consequently, as a 
method, it makes implicit meanings explicit. This method is, 
therefore, free from prejudice and hasty or rapid conclusions 
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i.e. direct experience is not an *objective data” but it needs to 
be reflected upon which leads to the formation of insights, 
which are “always open to elaboration of improvement’. 


Different aspects of the situation may appear in perception 
but each of the aspects presents the situation as a whole. The 
various aspects differ only in the degree of transparency. 
It is thus possible to solve the problem by explication i.e. by 
reducing the non-transparency. Duncker’s concept of restate- 
ment or reformulation of the problem is implied (covered) 
in the ‘changes of aspect’ character of the object. Van De 
Geer further adds that ‘in a way, a thought process has coher- 
ence and consistency by its constant reference to the same 
underlying situation’. 


This theory does not generate testable hypotheses. This is 
also true of some other notions like Stages, steps and descrip. 
tion of process which are found in the area of thinking and 
problem solving. The author then proposes a closed system 
(axiomatic model) in preference to the phenomenological 
approach which is an open field. In the axiomatic model, the 
problem solving “proceeds by a succession of choices from 
sets of possibilities” i.e. reduction of alternatives (48). 


(e) Geneva School 


More interested in epistemology than in psychology, Piaget 
has in fact contributed immensely to the whole field of psycho- 
logy, viz. perception, reasoning, intelligence, dreams, moral 
development, number, space, time, play, thinking from early 
childhood to late adolescence, and other varied problem 
areas. By his admirers (favourable as well as unfavourable) 
he has been spoken of as: 


“discoverer of an unsuspected dimension of depth” 
(Isaac N.), “Master at developing the theoretical impli- 
cations of his observations” (Hunt), “Zoologist by 
training, an epistemologist by vocation and logician by 
method” (Inhelder), “in continuation Psychologist by 
accident” (Hyde), “Philosopher, logician and educa- 
tor” (Flavell) and “a great speculator, careless and 
slipshod, having scant regard for statistics and standar- 
dized tests and procedures" etc. 


84 PROBLEM SOLVING IN SCIENCE 


Whether you prove or disprove Piaget, a dip in the Ganges 
of Piaget makes one sensitive to the strength and weakness in 
one's techniques and procedures (vide Hunt and Donaldson). 
After giving an initial shock to one who reads his work for 
the first time, Piaget intrigues and intrigues intensely his readers 
by uncovering facts through techniques which are not quite 
respectable enough in the usual sense of educational research. 
He does not uncover facts alone but builds single-handed a 
Piagetian realm in the field of child development outweighing 
all the works of other workers in the area. While evaluating 
Piaget's work, Flavell adds : 

Readings in Piaget “indelibly colour your perception 
of the field of child development, the kind of 
research problems, the kind of interpretations" 
provide “heightened intuitive intensity to penetrate 
deep into the phenomena...a gist living for a while 
in the Piagetian world can give one a feel for the 
grain of development which he did not have before 
he lived there.....- It is not just the sort of dimension 
one ordinarily looks to in evaluating a system. But 
perhaps it ought to be, since science is, in part, a 
matter ofthe end game of one mind influencing the 
beginning and middle games of others". (53). 

It is not possible even to summarize the main contribu- 
tions of this school to education because many of them are 
still conjectures and therefore need further experimental 
research. In England, Susan Issac, Peel, Lunzer, and Lovell 
etc. have interpreted Piaget from the educational point of 
view. In this section we will therefore confine ourselves to 
the recent work of Piaget and Inhelder namely «The Growth 
of Logical Thinking” with special reference to the «Adolescent 
Thinking’. 

Basic Ideas 

1. There is a constant interaction between the organism 
and its environment. Reflexive actions become interiorize 
in due course of time for which Piaget introduces two basic 
concepts namely assimilation and accommodation. These are 
two fundamental processes, the former refers to the absorp- 
tion and integration of new experiences with the existing 
schemata and the latter refers to the modification of schemata 
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asa result of the new experiences. This is something like the 
concept of 'epignesis', a term borrowed from zoology where 
the ‘function remains the same and the structure changes’. 
In this interaction, it is not possible to find the proportionate 
contribution either of environment or of organism to the 
total development. While surveying the evidence for and 
against the predetermined development, Hunt supports the 
view that “Analysis of Variance model in understanding this 
mutual interaction is meaningless." 


2. As Piaget’s theoretical frame of reference is deeply 
rooted in Epistemology, it will be appropriate to elucidate 
some of his ideas with the help of a Kelvin scale which is 
usually mentioned in physics books. This is an open-ended 
scale in which the lowest temperature (absolute zero which is 
theoretically possible), and the highest temperature are left 
unfixed. It is possible to visualize the same thing for this 
mutual interaction between the environment and the organism 
the beginning and end of which are difficult to fix. The 
beginning of this mutual interaction is difficult to fix first 
because of our inadequate knowledge on the beginning of 
life and its mysterious reproduction and, secondly, due to 
the historical growth of man itself since the pre-recorded 
history. To fix the other end of the scale is also difficult 
because of the very evolutionary nature of the knowledge 
itself with time dimension held in posterity. Regarding the 
former, the contributions from physics, chemistry, biology 
and mathematics are still clarifying the origin of life. 

(b) This scale is independent of hereditary or individual 
experiences. It depends on both. 

(c) On this open-ended scale, there are four stages cover- 
ing the approximate periods of 0-2 years, 2-7 years, 7-11 years 
and 11-15 years called the sensorimotor development stage, 
pre-operational stage, concrete stage and the formal stage. 


(d) The above-mentioned age-ranges can vary from culture 
to culture. 


(e) The above-mentioned stages follow each other, i.e. 
the next stage incorporates the gains of the preceding stage. 
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Cf) Individual differences at a particular stage are 
disregarded and similarly the specific differcnces arising due 
to the specific situations or experiences are disregarded but 
Piaget concerns himself with the sequence of development of 
child's thought. 


(g) In continuation with (f), the majority of the normal 
children pass through these stages. 


(h) Each stage has vertical and horizontal growth. 


3. (a) Piaget describes cognitive developments in terms 
of stages which have already been mentioned. These stages 
as such do not clarify anything except logical steps obtained 
ona particular experiment or situation. Piaget investigates 
further the structure of these concepts with the help of symbo- 
lic logic. This analysis makes his whole work distinctive in 
character. 


(b) With the help of his symbolic logic, Piaget distin- 
guishes between the properties of the thinking processes at 


the concrete stage and the formal stage. Some ofthe distinc- 
tions are:  ' 


G) All verbal thought is notformal. It may have in 
it a situation which is in fact concrete. So a formal problem 
may be solved concretely. 


Gü) At the concrete stage, the subject is tied to the 
situation or the empirical data. He criticizes data and brings 
extraneous considerations into the problem situation. He 
understands the content of the problem but fails to appreciate 
the form of the argument. 

(iii) At the formal stage, onthe other hand, possibility 
dominates and reality becomes Secondary. This is why at the 
concrete stage, the following problem is difficult. Shobha is 
fairer than Rukmani and Shobha is darker than Shubh, who 
is the darkest of the three? or a child at the concrete stage 
cannot appreciate this joke :— 


Two friends decided to settle abroad. They could not 
decide the country in which to live. One favoured the U.S.A. 
and the other the U.S.S.R. As you know, it is difficult to 
write freely from U.S.S.R. detectives and censorships ! So they 
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hit upon a plan to deceive the authorities. The Russia-bound 
friend said : df I write to you a letter in blue ink praising 
Russia, you assume it is all wrong; if I write to you in red 
ink then the description stays all true. From Moscow, he wrote 
the following letter to his friend in U.S.A. in blue ink. “I 
trust that this letter finds you in the best of health and spirits. 
Russia is a wonderful country. The working class people 
rule the whole country. I have now an excellent job and 
there is a lot of money in it. I work twenty hours a week. T 
have a television set, a motor car and an air-conditioned flat. 
There is a lot to drink, eat and enjoy in the country. I now 
advise you to settle permanently in Russia. Lastly, I get 
everything in Russia that I need. The only thing, I could 
not get was red ink”. 

A child at the concrete stage is unable to appreciate this 
joke. After reading the letter, he persists in his concrete 
judgement about Russia as stated in the letter. This is, 
however, not true of the child who thinks formally. More- 
over, it is at the formal stage only that the subject is able to 
obtain experimental proofs, find methods of discovery and 
develop insight into the nature of proof. 

(d) Piaget formulates the properties of these thinking 
processes available both at the concrete stage and the formal 
stage in such a way as to include both i.e. their “mobile 
equilibrium and their ontogenetic formation." 

(e) Combinativity, reversibility, associativity and identity 
etc.—available at the concrete stage—are shown to be genera- 
lizedat the formal stage. This explains the emergence of 
operational schemata like combinatorial, proportional and 
mechanical equilibria, etc. later on. ° 


4. Piaget is not the first to recognize the importance of 
logic to test inferences based upon observations. He got this 
idea from the studies of Külpe and his students, at the 
Würzburg school whose studies on thought processes indicat- 
ed the accessory role of images (not essential as associations 2 
would imply), possibility of reporting the intellectual feelings 
and attitudes and thought consisting of anticipatory schemata 
intention, rules and relationships. Apart from borrowing 
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models such as those of Klein and Bourbaki from modern 
mathematics, Piaget himself has developed one, of his own 
called ‘groupments’ ‘which are comparable to semi-lattices ` 
Inhelder has suggested the use of another weaker model which 
makes use of Boolean Algebra. Regarding the use of models, 
She says, *More than twenty years of research have shown 
that cognitive development approximates these models 
without attaining them completely." 


Eachstage takes time to form and attain equilibrium. 
Each stage thus formed and attained is incorporated into the 
succeeding stage. These stages follow each other in a fixed 
order for the majority of the normal pupils in which the 
Specified age ranges can vary from culture to culture. 


Educational implications 


The educational implications of his work have not been 
Worked in detail In Piaget's scheme of ideas child is an 
active learner who works on the environment and transforms 
it, child learns maximally through self-activity and when he 
isin a group. In a group, it is so because the different 
members think differently, thus rectifying the mistaken 
individual viewpoints of each other. In good teaching, 
learning situations are presented to the students and it is the 
children who experiment, invent and discover the structures 
(scientific concepts and principles—see Bruner) for themselves. 
Otherwise the students learn these concepts at the verbal 
level only (23, 37, 38, 54 to 65). 


(f) Acceleration of mental development 
Vygotsky's view (1896-1934) 


In a highly thought-provoking and original way, Vygotsky 
applies some of the tenets of dialectical materialism to the 
analysis of intellectual development. Whereas his principal 
theme is the study of relationship between thought and langu- 
age as the title of the book shows, the educational implica- 
tions of his ideas are immense. Piaget does not mention 
explicitly the educational implications of his work. Our 
impression is that whereas Piaget leaves us wondering at his 
mysterious concept of mutual interaction (between organism 
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and environment), Vygotsky goes a step further with an 
explicit statement when he says, “Instruction precedes 
development” (66). He agrees with Piaget that complex form 
of thinking evolves from simpler forms of thinking but takes 
us one step ahead of Piaget when he analyses intellectual 
development as a function of instruction very explicitly. He 
did not live long enough (he died at the age of 38) to state 
the conclusions of his grand programme of inquiry in which 
the problems chosen and the techniques applied appear to be 
as searching and penetrating as the ones employed by Piaget. 
Bruner says, “Vygotsky is not stating a conclusion buta 
fruitful hypothesis—stating a program of inquiry which carries 
with it a vigorous and intelligent image of man.” Some of 
his basic views relevant to science teaching are : 


(a) Concepts do not exist in isolation like ‘peas in a bag’ 
in the child’s mind. Contrary to Bruner’s view, it is fruitless 
and meaningless to teach concepts and concepts alone directly. 
Like Piaget, he believes that succeeding stages incorporate 
into themselves the gains of the preceding stages. Concepts 
not only interact with each other but also each concept isa 
measure of generality. It has thus a place both in relation to 
other concepts and in the total system of concepts. It then 
becomes easy to understand that higher concepts throw light 
on the lower concepts i.e. concepts attained at the earlier age. 


(b) The concept of structure in Gestalt psychology does 
not go far enough. It is too general to mean anything when 
he says : “all cats are grey in the dusk of Gestalt psychology as 
in the earlier fogs of Universal associationism and concludes 
his critical survey by saying that “there cannot be substan- 
tial difference in approaches to the treatment of this problem 
when all psychological schools and trends continue to ignore 
that every thought is a generalization and that word and 
meaning cannot be studied in depth without any reference to 


development”. 


(c) He distinguishes between two types of concepts : every- 
day concepts and scientific concepts or spontaneous concepts 
and non spontaneous concepts which influence each other. 


Instruction is the main source of a child's scientific concepts 
p 
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which, in fact, corrects, informs and develops his initial 
knowledge. Instruction then does not remain an external 
agent but is seen to be integrated closely with development. 
Lastly, the scientific concepts develop in the opposite direc- 
tions but still they are closely connected with each other. 


Vygotsky, like Piaget, presents a developmental theory 

in understanding cognitive functions or processes. With the 

. help of planned instruction, we should aim more at the 

“ripening of such functions’. Piaget and Vygotsky with the 

concept of productive thought thrown in from Gestalt psycho- 

logy present an integrated viewpoint to the teachers for teach- 
ing science effectively. (66). 


Dienes Z.P's. view 


It will not be out of place to mention in passing the work 
of Dienes on the concepts of abstraction and generalization. 
Particularly speaking, he has studied the attainment of specific 
mathematical concepts. Out ofthe many polarities in think- 
ing, for the analytic-constructive is the most basic dimension 
in his scheme of ideas. The constructive thinker has an over- 
all view of the goal and works intuitively towards it. He lets 
the details pass by and may attend to them later on. The 
analytic thinker progresses towards the goal (undefined in the 
beginning) consciously step by step as demanded by the 
"logical requirements within the System". Children at the 
Concrete stage of development show constructive thought 
whereas children at the formal level (at adolescence) show 
analytic thinking. Children at the concrete stage of develop- 
ment may seemingly apply mathematical relationships success- 
fully and thus manifest analytic behaviour when even their 
constructive thought is little developed for that mathematical 
relationship. In that case, they then manifest ‘shadow actions 
without any logical significance’ for they have not yet 
developed insight into the logical sequence of various events. 
Analytic activity is possible only when there has already been 
some worthwhile and significant constructive activity. Majority 
of children need a lot of Constructive activities before they can 
develop analytic understanding. To illustrate his ideas further, 
he has not only constructed but also investigated concept 
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development with the help of his mathematical apparatus 
(multibase arithmetic base and algebraic experiences material). 
On the basis of his work, he has formulated four principles 
of conceptual learning, these being the dynamic principle, 
the perceptual variability principle the mathematical variability 
principle and the constructivity principle. It will be an 
interesting exercise if whole of the school mathematics 
syllabus is classified at four levels according to these four 
principles in the form of mathematical situations to be 
gradually presented at various age levels. Accelerated mathe- 
matical thinking may then possibly result (68). 

Accelerated thinking within certain elastic limits appears 
to be possible. It is not impossible to teach atomic theory 
and set theory etc. in the primary school by the new enthu- 
siasts. They see too much in the so called explosion of ` 
knowledge but change of content or down-grading of content 
to the lower classes is a necessary but not a sufficient reform. 
Substantial and complete reform results only when relevant 
material drawn from the sienificant areas of human living as 
the subject of study itself is used to develop and improve 
thinking with the help of imaginative approaches based both 
upon the general objectives of education and the specific 
objectives (outcomes) of the particular branch of knowledge 
at various age levels. Suitable activities are then designed 
in the light ofthe preceding statement which further need to 
be empirically tested. 

Problem at the focus of attention, reasonable freedom 
including flexible time tabling and responsive ienvironment 
(outside classroom experiences, visit to the library, de-routini- 
zed laboratory work and the use of community resources and 
use of cheap materials etc.) are essential ifthe objective is to 
impart training in inquiry or even the scientific method. 
Children then do not accept the teachers’ word straightaway. 
They question his statements and also test their own ideas 
under as many varied conditions as possible. In this triple 
process of concept formation, concept attainment and problem 
solving, incomplete hypotheses expand to complete hypo- 
theses by appropriate rectifications where one strategy leads 


to another. Then the children donot tend to ignore the 
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significant aspects of the problem. They attempt to resolve 
the ensuing conflicts in a problematic situation and may 
discover on their own new information and knowledge. This 
new knowledge is, then, not difficult to retain (see Von 
Restorff effect). Assimilation in contrast to accommodation 
and formation in contrast to information then take place. 
Cognitive structures are modified materially and are available 
for subsequent use. Then'environment under natural conditions 
creates expectancies and violates them off and on and thus 
exerts an educative influence which is quite creative in charac- 
ter. This is a much strenuous job for the teacher to accomp- 
lish in comparison to the addition of a few isolated chunks of 
advanced knowledge in the school syllabus. Lastly, it is not 
possible to answer the problem whether accelerated develop- 
ment is possible or not because the research in this area 1S 
just coming up. This writer does not know of a single 
sequential educational plan empirically tested in the actual 
classroom conditions which informs us about the structures 
it produces at the primary stage and which are of subsequent 
use later on at the secondary stages and so on. This 
may in fact turn out to be a tremendous problem (See 
our Analysis of Problem Solving Processes in the next 
chapter) In the opinion of this author, a humble effort in 
this direction could be made by developing projects for the 


improvement of thinking in a few school subjects at some 
Schools (67 to 69). 


(g) Factor Analysis as a Method of Investigation 

It isa highly mathematical technique aimed at analysing a 
Series of tests in terms of minimum (Principal components 
method excluded) hypothesized factors and to clarify the 
relationships between them. There are many methods of 
factor analysis. Selection of a particular method is a matter 
of individual choice. Burt (1940), Wolfe (1940), Holzinger 
and Harman (1941), Thomson (1951), Cattel (1952), Guilford 
(1954), Frutcher (1954), and Vernon (1961) etc. have written 
a lot about these techniques. 


By employing these techniques, it is [possible to find 
mathematically the structure of, say, reasoning ability. In 
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1938, Thurstone distinguished three types of reasoning abili- 
ties: namely, inductive reasoning, deductive reasoning, and 
restricted reasoning which have repeatedly appeared in other 
factorial studies. Guilford has further subdivided these into 
subabilities. Burt has identified three components of the 
reasoning ability as differentiated at adolescence, these being 
Induction (education of conceptual relations, perceptual rela- 
tions and structural relations); Deduction (education of 
correlates, structural correlates and logical reasoning) and 
restrictive (general) reasoning (71). 

Guilford and his associates have then attacked the pheno- 
mena of problem solving factorially. He defines problem às 
a situation for the problem solver when he has “no adequate, 
previously learned and remembered device' to solve the 
problem situation. Steps in problem solving were determined 
by logical analysis. As all problems are not of the same type, 
they further considered problems with reference to content 
(figural, symbolic, semantic, behavioural); Operations needed 
to solve problems (preparation, analysis, production, verifica- 
tion and reapplication) and Products or Outcomes (units, 
classes relations, systems, transformations and implications). 
They found that *problem solving itself is as vast as behavi- 
our itself’. Their studies also indicated a key factor quite 
similar to strategies (Goodnow and Austin 1956) and Search 
Model (Duncker 1945) which determines the efficiency 
(effectiveness) of creative activity or thinking.’ (23, 43b, 70, 71, 
72 and 73). 

Peel (1955) surveyed factorial studies in the teaching of 
science in England and concluded that there does not appear 
to bea group factor in science. On the other hand, there 
appears a *complex of general intelligence, reasoning, spatial, 
number and other factors’ (72). In his study: The “definition 
and measurement by verbal methods of the ability to think 
critically; Abou Hatab says : 

1. “The hypothesized factors of critical thinking were 
not isolated as independent of other intellectual factors in a 
sample of 170 Grammar School Sixth Formers of the age of 


17 years. 
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2. The main factors appeared, each includes various 
cognitive, productive and evaluative functions and requires 
different intellectual ability namely analytic ^thinking and 
intuitive thinking. 


3. Critical thinking factors did not appear because these 


appeared to depend largely on.general intelligence, reasoning 
and verbal ability" (70). 


Lastly, Professor Hearnshaw, Dr. Hein and others have 
expressed their doubts on factor analysis. Prof. Zangwill 
states that intelligence testing is a “a technology whose theore- 
tical foundations are distinctly insecure". Professor Vernon, 
however, is of the different opinion when he says that it is 
possible to develop a stable theory of intelligence on the 
evidence collected by the  physiologists, geneticists, mental 
testers, factor analysts and the clinical psychologists etc. 
upon which the ‘technological superstructure can be firmly 
based’ (73). The practising science teachers will not be much 
interested in these types of theoretical ‘controversies. On the 
other hand, they will be quite interested in knowing more 
about the problem solving personality and its development. 
A highly mathematical approach like the factor analysis can 
help us in substantiating mathematically.the various hypotheses 
relating not only to the structure but also to the development 
of problem solving, creative thinking, critical thinking and 
original thinking set up by the researchers in this field. 


(h) Information Processing 


In our highly mechanical world, information is a basic 
commodity which flows through communication systems like 
telephone, automatic control Systems, economic systems and 
even the human body and the brain. All the above-mentioned 
phenomena are included in the information theory which has 
been developed by the Physicists and the communication 
engineers, 


It has two branches which deal with the amount of infor- 
mation and the 


š paths (including their stability and efficiency) 
en by it in organized systems, It appears that the latter 
aspect is likely to prove more useful in the understanding of 
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our nervous system and even social organizations. Thinking 
along this line has led to the development of high speed 
-computers whicl? are helpful both to the research scientists 
and psychologists in so many ways e.g. organization of data, 
reduction of data, and setting up hypotheses and their testing 
by ‘modelling and simulation’. This approach to the study of 
problem (regarding thinking as information processing system 
and employing simulation) may yield quite promising results 
(Taylor). Possibly, we shall know about these results in 
the near future (74). ; 


SECTION B 
PROBLEM SOLVING 


Little work has been done having direct bearing on this 
problem. The following pertinent studies, loosely classified, 
are reported which have proved helpful in defining, formula- 
ting and planning the experimental study of problem solving 
mentioned in the next chapter. It may be further mentioned 
that it is not possible to compare the results of one study with 
the results of other studies because each of them is different 
in its specific aims, methods, choice of experimental tasks and 
the type of sample chosen. All those studies fall under the 
following heads for the purpose of discussions in this section. 

(a) Studies in concept formation. 

(b) Studies in problem solving. 

(c) Studies in the teaching of science. 

Studies in concept formation 

]. There is hardly any work done on the evolution of 
in relation to their functional and quantitative 
There have, of course, been a few studies in the area 
s including a direct attack on the 
“but still in every case, the studies 
have been largely introspective in methods, analytic in 
purpose, and qualitative in result”. In this light, studies of 
Hullin the evolution of concepts are considered of first 
rate importance in their scientific approach to this problem. 
He investigated the problem with the help of suitably adapted 
(144) Chinese characters. À specially constructed device 


concepts 
aspects. 

of higher mental processe 
problem of generalization, 


“96 PROBLEM SOLVING IN SCIENCE 


presented these characters to the subjects. He concluded that 
formation of individual concepts is a gradual process in which 
trial and error plays an important part. Concept formation 
is facilitated when common elements in the situation are 
pointed out. A combination of formal and concrete (example) 
method is more efficient and functional than either ofthe 
methods used alone, There is, however, a distinct advantage 
when concrete method is employed in the evolution of con- 
cepts. This advantage is in the ability to define the concepts 
(75). 

2. Smoke has investigated the role of hypothesis forma- 
tion and its formation in the process of concept formation. 
He experimented with ten different concepts where each con- 
Cept consisted of eight regular features and eight confusion 
features. The following two considerations were strictly 
applied in the choice of the above mentioned ten concepts 
namely “every condition essential to the concept must be 
violated once at least and each confusion figure must violate 
one and only one condition essential to the concept." The 
instructions varied from experiment to experiment but the 
general approach in its essentials remained the same. The 
Iesponses of the subjects clearly showed the aspects of the 
Situation which the Subject had grasped or failed to grasp. 
He concluded that there is some form of grouping in concept 
formation. Secondly, in concept formation, hypotheses are 
Set up or tested for their validity. Insightful behaviour may 
be present in some situations. Lastly, subjects have difficulty 
In expressing their concepts verbally when asked to do so when 
in fact they have developed these concepts (28 and 75). 

f ocks varying in colour, shape, 
size and height etc., Haufmann and Kassanin have attempted 
to “distinguish between relevant aspects of the process and 
certain pseudo conceptual operations such as those involved 
In memorizing and recall”, The subjects are asked to classify 
ries on the basis of some common 
The experimenter helps the subjects in the 
; itis the subject's business to discover the 
basis of the four Classifications. The Subjects are asked to 
think aloud as they go along with this task. They were thus 


classification but 
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able to distinguish three inter-related behaviours in the course 
`of systematic conceptual thinking. These three behaviours 
were : categorical attitude, insight and the total consideration 
ofthe problem. Itis only at the laststage that the subject 
considers the whole problem and attacks it on its merits. The 
nature of the task rather than the rules of the experiment 
determine his behaviour then (75). 


4. J.S. Bruner, Goodnow and Austin have investigated 
the problem of ‘Categorising and Conceptualizing’ with the 
help of some thirty original experiments. They have attempt- . 
€d to explain *what happens when an intelligent human being 
Seeks to sort his environment into significant classes of events 
sö that he may end by treating discriminately different things 
as equivalents." Their novel approach ‘refreshes and re-opens 
completely the great problems in the field', says Piaget. 


Their investigation centres on the formation of concepts 
in a vast array of information and they have discussed the 
Strategies which subjects actually use while forming concepts. 
Eighty-one special cards were constructed which varied in 
Shape, colour and borders. A little practice on the meaning 
of ‘conjunctive concepts’ is given by actually showing a set of 
cards illustrating that concept. Then the actual experiment 
begins by asking the subject to find the underlying concept in 
the set of cards which are shown to him one by one. He is, 
of course, told whether the card is a positive or negative 
illustration of that concept. At the same time, he is expected 
to suggest one and only one hypothesis at a time. On the 
basis of these experiments, they have distinguished four distinct 
Strategies by which a person may form the given concept, 
these strategies being the successive scanning, the conservative 
focussing and the focus gambling (76). 

5. Investigation of concept formation among young infant 
children by Beard is one of the few factorial studies in which 
concept tests have been used. The chief aim of her study 
was “to see whether the various kinds of concept development 
as described by Piaget were self-contained or whether they 
corresponded, like the majority of intellectual tests, to a 
general factor, identifiable with general intelligence, and some 
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group factors in specialized fields". The other aim was to 
examine Piaget's concept of stages within the limited age 
range. Scores on the concept tests were «correlated with 
calendar age, mental age, emotional, adjustment, socio-economic 
status, vocabulary and memory. Burt’s group factor method 
indicated a general factor (mental age) and six fairly indepen- 
dent factors relating to physical phenomena, space and ability 
to reason with quantities. She confirms in principle Piaget’s 
concept of stages but adds that his concept of stages needs to 


be modified a bit on account of individual experience and 
cultural influence (77). 


Problem Solving 


(1) This study by Buswell which is of observational and 
analytical character deals with the thought processes of a group 
of subjects (school children and college students) and attempts 
to describe individual patterns of thinking objectively if these 
at all exist. This study is neither experimental nor it involves 
any controlled groups. His main aim was to find out the 
extent to which the student structured their problems in terms 
of relevant, irrelevant and needed facts, estimated their answers 
first before solving the problems, processes involved in the 
process of generalization, ability to deal with symbol in 
contrast to a numerical figure and lastly to identify and 
describe the patterns of thinking if they really existed at all. 
His results indicated that subjects experience difficulty in 
expressing concepts verbally which they had in fact acquired 
(see Smoke) ; they do not estimate the answers before they 
Start solving problems, failure to distinguish between the 
relevant and irrelevant aspects of the problem attracts all sorts 
of problem solving processes (see Vaidya) and lastly, *variety 
rather than similarity in the Sequence of thinking was the most 
Striking and outstanding characteristics’ even when common 
and uniform patterns of thinking were seen to emerge on total 
analysis of their responses (28 and 78). 

(2) This study by Benjamin Burack deals with the nature 
and efficiency of methods of attack on reasoning problems 
involving induction, deduction and geometrical analysis 
carried on a highly select group of 25 psychology under- 
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graduates. Clear formulation of the problem, preliminary 
survey of all aspects of the presented material, analysis into 
major variables, locating the crucial aspects of the problem, 
application of the past experience, varied trails, control, 
elimination of the sources of error and visualization were the 
nine different methods of attack selected for this investiga- 
tion. He concluded that it is very difficult to distinguish 
amongst different methods of attack (a problem may be in 
fact solved by a different method of attack). The nature and 
kind of problem itself determines the functional efficiency ofa 
particular method of attack. Other methods of attack then 
become meaningless as they have then no relevance to the 
problem solving behaviour. This is not an unexpected finding 
When one examines the nine methods of attack a bit more 
closely e.g. visualization, control, varied trails, clear formula- 
tion of the problem and locating the crucial aspects of the 
problem which themselves are the functions of setting up and 
testing the various hypotheses attracted by the nature of the 
problem itself (79). 


(3) Heidbreder has investigated problem solving in children 
and adults by exposing them to puzzle type problematic 
situations. She concluded that reactions and sensitivity to 
problems increased with age, a gradual change with age from 
a more subjective attitude to a more objective attitude and 
characteristic and individualistic reactions to the problems 
apart from the fact that “the general pattern f the solution 
became more general or definite but new rigidity set as the 
age increased" (80). Mumford has also investigated thinking 
processes as they occur when normal individuals are engaged 
in working out puzzles of various types. Her whole evidence 
pointed out that training, experience and practice influence 
thinking if thinking is regarded as a mental skill based upon 
innate capacity. School subjects can develop and promote 
problem solving if they are properly approached. Educative 
process is a vital experience in the life of an individual and 
needs to be handled with great care so as to develop self- 
confidence and persistence in the face of *disappointments and 
threats of failure during problem solving’ (81). 
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(4) Another experimental study of Problem Solving by 
Durkin which resembled Heidreder and Mumford's work in 
that it aimed to examine the effect of the nature of the 
problem solving process and the appropriateness of the 
concepts used to describe the behaviour involved. The subject 
was asked to talk aloud as he proceeded ahead with a well- 
organized series of two dimensional puzzle situations which 
could be photographed. At the end of the experiment, the 
subject was asked to retrace his whole solution from the 
beginning to the end. Any point of interest was discussed. 
The general conclusions of the study were : 

(i) Problem solving behaviour in human adults is never at 
random in spite of the fact that they may not see the relevance 
of their moves as judged by the goal to be attained. 


(i) Three types of solutions were distinguished namely 
trial and error, sudden reorganisation and gradual analysis 
which could be termed as three distinct forms of thinking. 
There were, of course, certain transitional cases where such a 


distinction could not be made implying thereby the existence 
of a continuum. 


(iii) Observation, recall, seeing relations, attention to the 
goal, manipulation and inference were the processes present 
in all the three forms of thinking (82). 


(v) This is a descriptive study of problem solving process 
by Bloom and Broader aimed to identify certain differences 
between successful and unsuccessful problem solvers while 
tackling problems relating to their academic subjects. Subjects 
were asked to think aloud and the verbatim records were made 


and analysed. The results were then discussed under the 
following four major heads : 


(a) Understanding of the nature of the problem. This 
aspect is self-evident. 


(b) Understanding the ideas contained in the problem. 
In this area, the major difference between the two above- 
mentioned groups lay not in the amount or fund of informa- 


tion needed to solve the problems (as expected) but was in 
their ability to make use of this information. 
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(c) General approach. Here, the successful problem 
solvers did not manifest restricted thought about the problem. 
‘They showed careful and systematic thinking and ability to 
follow the sequence of reasoning. 


(d) Attitude towards the solution of a problem. In this 
area, the two groups differed in attitudes towards reasoning, 
confidence in the problem and the introduction of extraneous 
considerations into the problem situations (83 and 28). 


6. The role of general or specific experience in problem 
Solving is not agreed upon. Maier attempted to answer this 
question with the help of his well-known and famous construc- 
tion problem. He tested the influence of experience in 
the solution of a new problem (not unusually complex) 
Which could be subdivided into three separate and distinct 
experiences on which the solution of the new problem depend- 
ed. The subjects involved were mostly Ph.D. students in 
different branches of knowledge (psychology, physics and 
chemistry etc.) in the Universities of Berlin and Michigan. 
These subjects were given as much time as they needed in 
Solving this problem. Six different types of solutions were 
obtained. He concluded that the possession of necessary 
experience itself is not “sufficient to solve certain problems’. 
He then introduced the concept of ‘Direction’ for explaining 
his results “which is the way the problem is attacked and 
depends upon the way the problem is seen to be". This 
Concept of ‘Direction’ was later on attacked fiercely by 
Duncker who said that this new term was an unnecessary 
addition to the literature which in fact confused it and was re- 
presented or covered by his reformulation or restatement of 
the problem itself (84). 


7. Employing the combined use of experimental, statisti- 
cal and introspective procedures, Wheeler has investigated 
the development of reasoning in children. From her studies, 
she concluded that children possess logical reasoning at much 
earlier age than hitherto assumed by teachers and ‘most of 
the elementary schemata necessary for valid reasoning are 
already within the capacity’ of the seven-year-old children. 
Xt is only their subsequent development that helps children 
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attack the complex problems later on. This view is in confor- 
mity with Burt and Issac but contrary to Piaget and Inhelder 
(36). i 

It is at this point, Peel points out, that *there is more in 
common between Burt's and Piaget's view than is normally 
noticed". It is possible to accelerate the stages as suggested 
by Piaget and Inhelder by using right kind of experiences. 
Wheeler appears to ignore the very dependence of young 
children on ‘concrete experience, expression and judgement". 
There are of course exceptions and the éhoice of the theory 
Iests on the explznation of these exceptions at various ages- 
Here, Piaget's view provides a more plausible account of the 
available evidence than the view put forward by Burt and 
Issac and confirmed by Wheeler in her studies (38). 


Lastly, there still appears to be left some misunderstand- 
ing on the age at which formalreasoning begins. This age i5 
found to be quite variable due to cultural differences and 
individual differences within the same culture. The most 
important question, still left unexamined, is whether each 
individual passes through these Stages in succession as enunci- 
ated by Piaget and Inhelder or he is able to pick up the higher 
Stage without having developed in him the preceding Stages 
This further Points out to the Possibility of ‘jumps in Piaget’s 
Concept of stages. If this is found to be so, we have yet to 
know the relationship between the size of the jump (forward 
and backward) and the Various conditions both within the 
individual and outside that make such jumps possible. Answer 


lo this problem if obtained will be a great break-through in 
the education of children (28). 


Teaching of Science 


The growth and maintenance of our highly mechanical 
World depends upon the "highest education of the highest 
Intellectual’, Tt is really a poorer appreciation of this complex 
World if the PSychological study of reasoning in science 
Temains neglected. Even in U.S.A., Science Education Research 
s adequate. In 1963, the editor of a new American 
Journal in science teaching mentioned not only the features of 
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the existing science research but also pointed out the nature 
of research yetsto be done,‘‘the design of most of the experi- 
ments remains more or less the same even over a period of 
thirty years, too many no significant difference studies appear 
to throw doubt both on the validity of measurement and 
hypotheses tested and too much time is spent on status studies 
on ‘evaluating outgoing practice instead of functioning as 
beacon’ (Dr. Smith)” (85). 


The picture in fact is not as bleak as the above statement 
implies. There are a good number of studies, as the survey 
will show, in which authors have attacked the problem of 
science teaching from different standpoints. Examples are 
the studies of cause and effect relationship including the 
concept of causality as expounded by Piaget and the researches 
on the methods of teaching science incorporating the spirit of 


science. 


G. Stanley Hall has studied the contents of children’s 
minds and emphasized the importance of primary experience 
rather than bookish knowledge. He said that children acquired 
those concepts first which they encountered first in their 
immediate environment. Children thus develop right and 
wrong notions about common things. It is possible to eradi- 
cate their wrong notions at an early age. Teachers thus 
should converse with children about common things (87). 
Keen has studied children’s reasoning and pointed out that 
young children have a ‘weak urge for experimental verification’ 
and hence care should be taken while introducing them to new 
experiences. Otherwise they develop illogical concepts which 
are difficult to correct. He further concluded, “that causal 
reasoning is not a generalised ability but depends upon the 
specific nature of the problem and a long array of specialized 
abilities, ability to use language being the most important 
one” (87). 

Deutsche has investigated the nature and development of 
children’s concept of causal reasoning—a phase of children’s 
thinking in the light of work already done by Piaget and his 
co-workers. Problems with and without experiment were used. 
The two main results of this study were: 
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l. Reasoning develops gradually rather than stagewise. 


2. Piaget's classification of children's i oper i M 
types is not as useful as it is regarded in the p ol : ms 
reasoning. Moreover, school experience exp 2 p es 
Iesponses to the specific questions asked in this S $ Uso 
has its implication both forthe direct and indirec 
and training of children (87). 


fions and Simple experiments relating to _ Various zara 
phenomena, classified: into nineteen categories like A aie 
materials, Tivers, simple experiments, machines an [anno 
things, etc. These problems were taken from Piaget, ‘ ei. 
Stern, Stevens etc., and a few others were added y él 
author himself, The Tesponses were classified into worka e 
categories like physical, internal, external and failure ds 
explain etc. Subjects for this study were four groups o 
School children and one group of college teachers in non- 
Science groups. The main findings of this study were : 


1, The evidence do 


es not confirm Piaget's concept of 
Stages, 


2. All age groups, regardless of mental ability and grade, 
gave all types of answers, The very working of the problem, 
the nature of the Problem, past experience and vocabulary of 
the subject appeared to influence the Pupil's response. 


3. Adult groups did not follow any definite scheme or 
Procedure while explaining unfamiliar Phenomena. They 
made will guesses, lacked correct Concepts and had little clear 
understanding of true causa] factors, 

4. As compared to the Verbal 


experiments evoked a higher percent. 
relationships, 


On the basis of his Study, Oakes 
Problem for investigation: « 


questions, the simple 
age of cause and effect 


Suggests a fruitful 
A Careful Study of the Relation 
ype of Explanation of Natural 


— n ` === 
1 


ENS 
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Phenomena’ (86). Banks has studied the development of 
children's thought (11 plus to 13 plus) with the help of 


, demonstration «experiments which illustrated certain scientific 


principles. The subjects were low I.Q. pupils in a secondary 

modern school His main aim was to find out the relation- 

ship, if any, between the kind of answer given and the age 

and LQ. of the individual pupil. Deutsche's classification 

(materialistic and non-materialistic) was used. His results 

Showed that these children can explain experiments which are 

performed before them intelligently. Secondly “age and science 
teaching had a greater effect on the ability to draw conclusions 

than did I.Q. but those with high I.Q. did better in the number. 
of explanations in the higher categories" (88). 

Navarra has investigated the conceptual development of 
his own son (very young and above average in innate ability) 
overa period of two years. This study is rich in detail and 
the observations are first hand. Moreover, the observations 
were based upon informal conversations. The most important 
findings of his study were : 


1. The development is gradual and its most interesting 
and characteristic feature is the long period' necessary for 
integration during which the child gathers together and inter- 
prets for himself the experience encountered in highly diverse 
Situations, e.g. seeing water in its different forms and distin- 
guishing it from steam or distinguishing steam from smoke. 

2. Inthis development, there appeared the evidence of 
*gradual differentiation and development of expectancies, 
testing ideas, analysing experience, finding positive and 
negative instances and maintenance of an inquiring attitude" 
etc. Even the earlier insignificant details and concerns were 
seen to have initiated growth later on or constituted a progres- 
sion of events in the total frame of reference (89). 

With the help of Auto Instruction Device, Keisler and 
McNeil have shown [contrary to the view of Piaget (1929, 30), 
Deutsche (1937), and Oakes (1957)] that six or seven year old 
children can give scientific explanations for physical events 
and can even learn abstract scientific language (atomic theory). 
With practice, pupils would probably show—‘more facile 
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expression and more accurate use of scientific language in the 
solution of new problems’. 


“Scientific thinking is largely a matter of good a 
habits”, says Peel (72). It is in the light of this definitio 
that we will survey some more studies on Science bec. 
relating to laboratory Work, scientific inquiry and m E 
solving. Implicitly, if not explicitly, all Science teac her: 
intend to develop good thinking habits among their pupils. 


1. In 1925, Carpenter investigated the comparative 
effectiveness of laboratory and demonsttation methods DAT 
1,000 subjects and concluded that “pupils equally succeed we 
if success is measured by instruments which measure the same 
abilities as are measured by these tests, namely specific infor- 
mation and ability to think in terms of chemistry". (In ee 
Brandwein, Blackwood and Watson analysed the tests o 
Carpenter and commented that both the groups could succeed 


equally well independent of the above two methods on the 
basis of textbook knowledge alone) (41). 


2. Horton (1928) attem 
the above-mentioned find 
BIOUDS were given : 
direction, individua] la 


the teacher. His conclusion was “no 
in the testing by the ordinary written 

Y the regent nor by the school test". 
With the laboratory tests (non Written), he found the follow- 


Y Le., to set up and manipulate appara- 
lus and to solve Problems (or work on projects) in the labo 


Tatory. In 195 and Hichar confirmed Horton's 
findings (41). 


3. Atkin Studie 


8, Frings 


d the role of accuracy of response, type of 


His main finding was that “pupils are 


ful when they select and work on their 
Problems” (41), 


ws 
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4. In an experimental study, Lahti ascertained the effec- 
tiveness of laboratory in developing student ability to use the 
scientific method to evaluate the effectiveness of the teaching 
methods and to design and construct laboratory experiments, 
and instruments. His evidence supported the following state- 
ment of Kruglak : 

There is hardly a better method of teaching scientific 


method than the one which places the student in the 
same position as the research scientist where he faces 
the same difficulties, commits the same mistakes, 
suffers the *same accidents and explores the same 


blind alleys (91). a 

5. Extending over a period of about seven years, Kruglak 
has investigated some behaviour objectives for laboratory 
instruction, experimental outcomes of laboratory instruction, 
achievement of physics students with and without laboratory 
work, the measurement of laboratory achievement ; the effect 
of high school physics and college laboratory instruction on 
achievement in college physics and evaluating laboratory work 
by the use of objective tests etc. He confirmed the findings 
of Carpenter and Horton. Brandwein, Watson and Blackwood 
have emphasized the importance of laboratory work in their 
studies. Children then learn to work carefully, accurately, 
predict from first principles and select, design, search and 
improve laboratory equipment and techniques. At about the 
same time, Brown also made a similar type of investigation 
but without using any statistical niceties and concluded that 
“students who had physics laboratory work in high school 
were inept at naming or identifying the function of equipment 
which they were known to have handled in the high school" 
(92). 


6. Recently, Muthulingam has also attempted to “‘assess 
the scientific thinking ability, attainment in science, attitude 
toward science and interest in the scientific field of boys and 
girls studying physical sciences in the fifth year of the secon- 
dary school in England and Ceylon and contribution of the 
factors in the schools, such as, the type of science course, the 
laboratory facilities and methods of teaching science, etc.” 
A battery of tests was constructed to measure the various 


a 
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aspects of scientific thinking : definition, problematic MuR 
Teasoning, application of principles and ability to analyse an 
Observe etc, Regarding application of principles, he says, 


Vation by the Provision of good laboratory facilities and 
Practical method of teaching (93). 


7. Charen George has investigated the effect. of Er 
ended experiments on the achievement of certain Objectives T 
science teaching. Siy, M.C.A. (Manufacturing Chemis 


(Ó) M.C.A. experiments ar, 


e à useful tool for the develop- 
ment of Scientific a 


ttitudes, skills, motivation etc. 

(c) There is no 
approach has led to i 
(85). 


conclusiye evidence that a laboratory 
mproved critica] thinking in chemistry 


ee to which children concep- 
e confronted 24 pupils 
With science experiences 


"y- 
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concepts under study related to displacement, inertia, action, 
reaction and depth pressure relationship. The experiments 
were done under three different conditions, namely experience 
phase, question phase and a manipulation phase. The findings 
of this study do not support the popular assertion that 
meaningful concepts will definitely emerge when a child is 
provided with proper experience or environment and the free 
opportunity to experience certain perceptions. In the opinion 
of this writer, it would have been better if Butt had considered 
the causes that contributed to this failure by analysing their 
wrong responses and interpreting them (5). ) 


v 
9. Szekely has attempted to investigate «knowledge as the 


starting point of independent thinking”, by presenting the 
same problem in three different forms. Different subjects 
were used for three forms of the same problem. Consider 


the following problem. 


Fig. 6 


(a) “The candle is lighted and the su 
why the lever falls down. 

(b) The same arrangement. The subject is asked, what 
would happen if the candle were lighted”. 

(c) In this case, there is opportunity to find solution 
through free experimentation.” 

Szekely believed that knowledge can be investigated in its 
“function of end result, starting point and medium of learning 
and thinking”. His main conclusion was that knowledge gets 
reorganized in the process of thinking which starts from the 
object of thought. Secondly, the three different forms of the 
situations (or presentation ofthe problem) differ only in the 
degree of difficulty of restructurization which again depends 
not only upon the piece of knowledge needed to solve the 
problem but also upon the consideration of the total situation. 


bject has to explain, 
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teaching and learning? Is it Possible to increase the “pro- 
ductive applicability of the knowledge i.e. the capacity E 
creative thinking by the improvement of the methods o 


Two methods of learning were compared, namely, the 
modern method and the traditional method. As learning 


one of the methods or even a combination of the methods 
Produced more Solutions than a 
training, 


Memorization of definition or facts will not guarantee the 
Solution of the Problem, 

(c) Improvement Of the learning method improves compre- 
hension of the le; 


arning materia] Which fosters independent 
Productive thinking later on (51). 


T) in the laboratory school 
hor attempted to determine the elements 
of problem Solving, to develop and Select illustrative teaching 
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techniques which promote growth in the ability to use the 
methods of scientific inquiry, to judge the effectiveness of the 
various teaching techniques and lastly to observe and describe 
the kind of covert behaviour characterized as the method of 
scientific inquiry. Identifying and stating problems, selecting 
pertinent and adequate data, formulating and evaluating 
hypotheses and seeing relation were the various methods of 
scientific inquiry selected. He then concluded that children 
not only developed scientific interest, confidence and responsi- 
bility by the practice of scientific method but were also capable 
of developing abilities in practising the above mentioned 
elements of the scientific method (94). ,, 

1l. Whellock has attempted to inquire “into how far 
Scientific method is gained from Science Education”. His 
subjects were sixth form pupils and military college students. 
After partialling out differences due to intelligence, he showed 
a significant relationship between the scores on method and 
attitude and the scientific background (95). 


12. In this investigation of the thought processes ofa 
group of fourteen year olds during the solving of a scientific 
problem, Kyle showed, “that abler pupils tend to progress by 
hind sight. They tend to jump to the end of certain phases 
and then to return to fill in the blanks.....- A problem only 
becomes real for a person when he has some rudimentary 
foresight of a tentative solution.....- > He further showed that 
“a doing group went further towards a solution than a thinking 
group”. This is so because a doing group can rectify its 
mistakes in the process of experimentation (96). 

13. Mealings has investigated problem solving in science 
among secondary school children above 100 in number and of 
varying intellectual ability. Most of the problems were 
original ones and in fact seem to meet the requirements of 
complex human tasks as needed in such type of studies. 

The general aim of his investigation was to understand 
from first principles the solving of scientific problems by the 
adolescent pupils in a normal school setting. More specifi- 
cally, his aims were to investigate the relationship between the 
problem solving ability (at the formal level) and the mental 
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age and to consider the influence of personal attributes on the 
problem solving ability. Sex differences were also considered. 
Two series of four experiments in each were administered 
among two groups of children in turn. A case study approach 
was employed and the responses were recorded verbatim, then 
arranged and analysed to see the course of thought on each 
problem. The main results of his study indicated that 
problem solving in science is more related to intelligence than 
to chronological age. (This is understandable) There 
appearsto be a minimum mental age of 13 years before a 
child can reason formally about a problem and there is a time 
lag between the empirical solution and the formal solution. 
Taking an overall picture, Mealings says we should not expect 
children to solve abstract and theoretical problems in science 
until they reach a mentalage of 16 plus. It is also possible, 
at this stage, to undertake topics requiring an understanding 
of metrical Proportions, i.e. Boyle’s Law, Ohm's Law and 
theoretical problems concerning moments and specific heat in 
cn and the laws of chemical combination in chemistry 
s 14. Ina practical piece of research, Fleshner has empha- 
sized the importance of children's every-day experience in 
teaching abstract concepts in physics. Researches of N.E. 
Weaver and E.N. Madden have advanced two conditions of 
Success for problem solving, namely, the *presence of corres- 
ponding knowledge’ and the ‘mastery of research operation’. 
For example the concept of weight involves weight for all 
bodies, earth’s pull and force. Open-ended questions Were 
Posed to the children. Every child could answer at least à 
part of the problem. An interesting finding emerged that 
eighty per cent of the subjects were of the firm opinion that 
"bodies Which they had not measured had no weights’. Thus 
there is direct educational implication of the above: the defi- 
nition (weight here) should not be taught and stressed too much 
in science teaching but on other other hand, it should stem 
from their floating ideas (living practice) when a given theme is 
introduced in the classroom (Goriachkin) (97). 
16. Stendler is of the opinion that the superior intelligence 
does not imply “superior performanc> both in linguistic and 
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Scientific fields". He emphasizes the importance of well- 
structured childhood experiences which facilitate learning 
later on. He explores the following hypothesis : “that certain 
kinds of childhood experiences structure an individual's per- 
ceptions of the physical world, that the percepts are stored as 
information cell assemblies in the cortex and that the neural 
reservoir facilitates the learning of concepts in the physical 
Science". Then he discusses the nature of experiences that 
might contribute to the building ofsuch a neural reservoir. 
He then suggests the use of teaching models that will help the 
elementary school pupils develop functional understanding and 


skills needed for the physical sciences (99), 


Objective Tests 

Itis possible to develop objective te 
various aspects of problem solving : abi 
define problem; ability to set up hypotheses and validate 
procedures through controlled experimentation, ability to 
collect data and make judgment, ability to examine and 
evaluate statements of others, newspaper advertisements and 
use of unwarranted generalizations etc. A step in this direc- 
tionhas been taken by STEP (Sequential Tests of Educational 
Progress in U.S.A., particularly speaking) 
e definite trends in U.S.A. in approaching the 
y developing its objectives 
als of science teaching, 


sts to measure the 
lity to identify and 


17. There ar 
whole concept of science teaching b 


from different angles like actual go 
subject matter objectives, elements of scientific method, 


problem solving, interests, attitudes and laboratory skills. 
They then choose the sort of experiences that make or stress 
maximum development by making use of easily available 
community resources. In addition, professors in their respec- 
tive subjects, research scientists, teacher trainers and science 
teachers in seminars and workshops think out certain concrete 
experiences that demonstrate highly mathematical concepts 
concretely. Thus advanced concepts are brought down, to the 
children’s level of comprehension. The PhysicakScience ‘Study 


Committee, The Biological Sciences corrigi pin 


cal Bond Project and Chemical Education át lies. 
need special mention in this respect, LRT áre many hé ^ 
= a S N ` 

s çG \ 


ips 
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projects which emphasize conceptual approach rather he 
descriptive approach to science teaching for obtaining as 
mum intellectual development. Some of these projects are: 
1. Science Manpower Project, Teachers College, Columbia 
University. f ; 
2. Study of the use of History of Science Cases in Secon 
dary School Science classes (University of Chicago). 


3. University of California Elementary School Science 
Project. 


4. Science Curriculum Improvement Study (University of 
California). 


5. University of Illinois Elementary School Science 
Project. f 
6. Regional Conferences (Feasibility Study in Elementary 


and Junior High School Science of the American Association 
for the Advancement of Science). 


There is similar concern expressed off and on in England. 
Science Masters Association and the Nuffield Science Founda- 
tion Project are doing similar type of work there. According 
to the organizers, reform in science teaching does not simply 
mean changing the syllabus or replacing one “rigidity by 
another". Reform must result in improved thinking, behavi- 
our and action rather than in change of content (100). 


Concluding Statement 


It is now quite evident that problem solving theories are 
still in the stage of development. Consequently, there is not 
any clear cut theoretical framework in which one can see 
various researches on problem Solving. We have yet to 
"determine the simple laws between dimensionalized indepen- 
dent variables and performance." This adds to the difficulty 
of evaluating studies relating to methods of teaching ae 
ofthis or that method of teaching. Generalizations in tha 


š :ectives 
case have to be limited in the light of the aims and objective 
of those studies undertaken. 


There is another trend in science teaching which is s 
momentum more in U.S.A. than in England. This new thin | 
ing does not appea 1 to be particularly based on psychologica 
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principles (in the opinion of this writer) but at the same 
time, it is empisically tested in classrooms. Its major feature 
is its main emphasis on the logical structure of the subject 
(itself) say physics, chemistry, biology etc. Elements of 
Scientific methods are kept in focus all the time. The subject 
of a particular branch of science is chosen from the concept 
point of view in contrast to factual evidence. Highly mathe- 
matical abstract concepts are concretized before the very eyes 
of the pupils by developing new, novel and ingenious experi- 
ments and demonstrations. The teaching of abstract and 
advanced concepts ie thus downgraded which is quite consis- 
tent with the ‘Explosion of Knowledge’ im our times. These 
efforts are quite laudable because they focus attention on 
the quality of learning experiences. The primary school 
children may learn a bit of atomic theory but it is unbeliev- 
able that they can think and act even like their counterparts 
at the higher secondary stage. The very ingenious demons- 
tration of an abstract concept does not mean that it will 
be thoroughly grasped by the younger pupil on its first 
demonstration (See also  Piagets distinction between 
physical and mathematical experienc2). Results may prove 
disastrous if this logical approach and the various claims hased 
on it are pushed too far in the ignorance of the laws underly- 
ing mental development. Itisthe knowledge of these laws 
(psychological approach) only which will help us in cutting 
and stitching scientific concepts (logical stuff) for maximum 
educational development with minimum of effort and cost 
in our country, thus getting the best out of these two presum- 
ably exclusive worlds (3g, 69 and 100). 


~ 


CHAPTER 5 


An Experimental Study 


This is an experimental study of problem solving 1n Wr 
among certain groups of adolescent children. We have a cs 
discussed problem solving at length in the last chapter. he 
adiscussion of the various viewpoints, we arrived at > 
following definition of problem solving. What takes place d 
task-oriented situation is presented to the problem solver an 
is aimed at to reach the goal. 


Aims of this study 
The main aims of this study were as follows: 


, ted 
1. To study the problem solving process on some bos 
problems in Physics and view the same with special rete 
to Gestalt and Piagetian Psychology. 


2. To analyse the same in terms of basic processes 
needed to solve all these problems regardless of their type- 

3. To interpret errors as they occur in solving these 
problems. ' 

4. Tostudythe problem solving process in relation hi: 
the following outside variables; intelligence, age, arithme " 
reasoning, self-confidence, persistence, maladjustment, Posee. 
in things, emotional stability, co-operativeness, dominan” 
some immediate test reactions (understanding of the problem, 
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difficulty of the problem, interest in {the problem, difficult 
words in the problem and newness of the problem). 

5. To find out the characteristics of successful and 
unsuccessful problem solvers and 

6. To study the role of hints and cues given on some of 
the problems. This in a way is reflected also in the manner of 
presentation of the problem itself. 


Method of procedure 

This study consisted of two parts. In the first part, a 
questionnaire approach was employed. A special letter was 
drafted which ran as follows : ° 

I am interested in how people think when solving daily 
problems. You already know from daily experience that 
everybody thinks differently. You are going to be asked to 
think about some interesting problems in science. You will 
find that each problem can be solved in two, three or four 
different ways. You are allowed to think in as many different 
ways, as youcan. In order to make your thinking easier for 
me to understand, you have been given some idea of how you 
are to tell me what your solution would be—either by complet- 
ing diagrams, filling in statements and suggesting some quite 
different method etc. For this, sufficient space is provided 
and you can have more paper if you ask for it. This informa- 
tion about your thinking is very valuable to me and you should 
report almost all of it. It does not matter even if it looks 
silly. It is just possible that your approach may turn out to 
beright one. This you can do in the following manner :— 

1. First read the problem as a whole. It will tell you 
what you are supposed to do. 

2. As you go through the problem, many ideas will strike 
you. Please write down your ideas in the places 
provided. Itis very likely that I may have missed 
some of your ways of thinking. For any different 
ones, you should use the spare space provided. Do 
not forget to number your idea. 

3. If you find that the problem is difficult then do not get 
disheartened but do solve any part of the problem you 
can. Iam sure you can do this. 


° 
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4. Please be neat, clear, precise in your writings. You 
are free to reduce the amount of writing on any 
problem by summarizing a lot of attempts in any way 
you like. 


Still further, every child was asked to give his personal 
post test reactions on each of the problems by answering à 
Series of ten different questions which were :— 

l. Did you find this problem difficult ? 

2. Did this problem interest you? 

3. Have you done a problem of this type before ? 

4. Did you try all possible methods to solve this 

problem ? 

5. Did you solve a part of the problem ? 

6. Were you muddled by this problem ? 

7. How did you feel when you were solving the problem ? 

8 


What other ideas did you try in the problem that did 
not work ? 

Do you want to put any question on this problem that 
may help you in its solution ? 

10. Any other reaction that you want to tell me. 


In the second part of the study, individual approach was 
employed where cach Subject was observed solving a series of 
nine different problems over a period of over two hours ; 
either a whole morning or afternoon. Instead of the post test 
Teactions, here we took the immediate reaction to the problems 
on presentation which related to the difficulty of the problem, 
interest in the problem, newness of the problem and confidence 
in the problem. Incidentally, the role of difficult words, hints 
and cues was also studied. 

Sample and subjects 


This study was undertaken in two secondary schools in 
central London. In the first study, there were 60 fourth form 
boys of average intelligence from a secondary modern school. 
In the second study, eight pupils from a academic group, six 
from the engineering group, seven from the school certificate 
group and ten from the remedial group from the comprehen- 


Sive school constituted the whole sample (N—31). Both the 
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schools draw practically all their pupils from the same neigh- 
bourhood. ə 
Tests used 

ll--test scores in English, arithmetic and intelligence, 
Simplex group intelligence test, arithmetic reasoning test 
(Vernon) and some personality tests relating to persistence and 
self-confidence (Bhattacharya), maladjustment and interest in 
things (Harvey) and cooperation, dominance and emotional 
stability (Rehman) were used (101). 


Problems used Ë 

The success of this study depended upon the quality of thea 
problems chosen. The following considetations were kept in 
mind while selecting the nine different problems :— 

(a) The problems should be new and novel but at the 
same time, they should demand thinking and continuous chain 
of reasoning. 

(b) The problems should not be too bookish or be based 
upon any specialized knowledge etc. 

(c) The problems should be simply worded so that pupils 
could follow what they were supposed to do. The problem as 
used are now described below :— 


BEAKER PROBLEM 


Micheal had four colourless chemical liquids in four 
beakers marked (1), (2), (3), (4). With the help of a dropper, 
he took part of the contents from these beakers in another 
beaker B to which he added a drop from the beaker X and 
obtained a red colour. In this process, he forgot how he had 
done it. Your problem is to suggest what he should do to be 


sure of it. 


First method 
He should take a few drops from the beaker (1) and put it 


into beaker B and then add a few drops from beaker X and 
see if the red colour is obtained. If not, he should try a second 
method. 
Second method 

Also so on. 
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REFRACTIVE INDEX PROBLEM 


If you go swimming at the baths, you may have noticed 
that the swiraming pool looks less deep than it actually is. 
This is called its “apparent depth". John, one day measured 
the real depths and the apparent depths of a number of swim- 
ming pools. He collected his results as under : — 


Real Depth Apparent Depth 
1. 8 feet 6 feet 
2. 12 feet 9 feet 
3: 20 feet 15 feet 
4. 28 fest 21 feet 
5: 100 feet 75 feet 
6. 80 feet ? feet 
T: ? feet 120 feet 
8. X feet ? feet 
9. ? Y feet 


Write a statement which tells how you found the various 
answers. 


TWO TEMPERATURE SCALE PROBLEM 


In this problem, you are required to find the relationship 


between two temperature scales namely scale A and scale P. 
The following data are given for your consideration :— 
Scale A Scale B 
1 100 degrees 373 degrees 
2 50: ,> 323. 5 
3 20/75 299 55 
4. IU se 279 z 
5. Minus 20 ,, 253 45 
6. Minus 50 ,, 228 ss 
7 120) 5 r ET 
8. D cr 300) a, 
9. Be, WB 5 
10. aX, we UL XT 
E ? * Y 5 


Write a statement Which tells how you found the various 
answers. 


= dle NM 
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SPRING BALANCE PROBLEM 


o 


(A) In your science lesson, you got a spring balance that 
` had no markings on it. Your science teacher urgently 
needed exactly 16 grams of salt for an experiment. 
He would give you :— 
One one-gram weight. 
One two-gram weight. 
One three-gram weight. 
One fopr-gram weight. . 
One five-gram weight. š 
One ten-gram weight and also con 
ent sizes, each weighing one gram, 
How would you get exact 16 grams of salt ? 
Write down all possible methods. 
(B) Your teacher was interested in your ingenuity and 
asked if you could solve the same problem i.e., getting 
16 grams of salt by using not more than two of the 
above weights. Given also were the same spring 
balance and [containers, a ruler and a pencil. Write 
down your method below. 


o 


tainers of differ- 
are available. 


AARNE 


FLASK PROBLEM 


The illustration is of a flask that contains some sand. You 
are provided with the following apparatus : 


1. Balance. 
2. Suitable weights. 
3. Water. 


Your problem is to find the weight of water equal to the 
volume of sand in the flask. How will you do it? You are 
allowed to take sand out of the flask if you so require. 


First method 
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Second method 


In this method youare given a graduated’ cylinder and 
anything else that you require. 


Third method 


In this method, the following data are given :— 
l. Weight of the flask 


= 5 grams 

2. Weight of the flask and sand = 8 grams 
3. Weight of the flask full of sand —20 grams 
4. Weight of the flask full of water —15 grams 
5. Weight of send alone filling the whole 

flask =? 
6. How many times is sand heavier than 

water ? =? 
7. Weight of sand in the flask =? 
8. Weight of an equal volume of water = ? 

Fourth method 

l. Weight of the flask = 5 grams 
2. Weight of the flask and sand = 8 grams 
3: Weight of the flask Plus sand plus 

water =16 grams 
4 Weight of flask full or water =15 grams 
3. Weight of water above the sand = 9 
6. Weight of Water filling the whole flask = ? 
7 Weight of w. 


ater equal to the v. 
of the sand d olume 


State how you found the last answer. 


pci DE 
ELECTRICITY PROBLEM 


You are given a b 
way switches and 
to find a ci 


attery, one bulb, Some one. 


necting Wires, 
to switch on an 
m. Complete 

Ty to find the n 


-Way and two- 
Your problem is 
d switch ofr from 
as many of these 
ceded circuit and 


At. 
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when you finish, write down a statement telling me how it 
works. ° 


FISH PROBLEM 


A fish tank is 52 inches deep. It is filled with water and 
a fish slipped into it. A boy looks down on the fish from the 
above surface and the fish appears to swim 24 inches below it. 
His friend puts his head under the tank and at the same time 
the fish appears to him to swim 12 inches away above the` 


bottom. The problem is to find the thickness of the fish. 
You can ignore the thickness of the glass. Itis given that 


Real depth _ 4 
Apparent depth ^ 3 


First method ñ 


1. Draw a diagram = 
What is the real depth of the tank ? = 


3. What is the apparent depth of the fish 
when seen from above ? = 


4. What is the real depth of the fish when 
seen from above ? = 


5. What is the apparent depth of the fish 
when seen from below ? = 


6. What is the real depth of the fish when 
seen from below ? = 


7. What is the combined real depth of the 
fish when seen from above as well as 
from below ? 


8. What is the real depth of the tank ? 
9. What is the thickness of the fish ? = 


lI 


How did you find your last answer ? 
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Second method 
l. What is the real depth of the tank? © = 
2. What is the apparent depth of the tank ?= 
3. What is the apparent depth of the fish 
from below ? = 
4. What is the apparent depth of the fish 
when seen from below ? = 


5. What is the combined apparent depth of 
the fish when seen from above as well as 
from below ? 


6. What is the apparent depth of the tank ?— 
What is apparent thickness of the fish ? = 
-. Apparent depth 
$. Wh — o wp nS 
at is Real depth equal to ? 
9. What is the real thickness of the fish? = 
How did you find your last answer ? 


eee 


LENS PROBLEM 


_ We can know about a lens, whether convex or concave, by 
its focal length or its Power. The focal length is measured in 
centimetres and the Power in dioptres. The following data 
are provided for your consideration to discover the relation- 
Ship between the focal length and the power of lens. 


Focal | 1 cm 


length j 2 em. | 10 cm, | 50 cm. | Sem. | 200 cm. 


B» [son | 10 em. | 2D | ? | ? 


l. State your method. 


is » Ar dud Yn are combined together. Your problem 
Telationshi 
combined leties and di P between the total power of the 


e individual Powers ofthe two lenses. 
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The following data are given for your consideration : 
E 


Type of Power of | Typeof | Power Total power 
first the first the of the of the 
lens lens second lens combination 

1 Convex 20D Convex 10D 30D 

2 Convex | 40D Convex 20D 60D 

k 

3 Convex 50D Convex 5D 55D 
4 Convex 40D Convex 7D 100D 

5 Convex 5D Goncave 4D 1D 

| 

6 Convex 20D Concave 10D 10D 

7 Convex 15D Concave 15D 0D 
8 Convex 25D Concave TD 15D 
9 Convex ? Concave 50D 100 D 
10 Convex | 15D Concave 10D ?D 
11 Convex | X D Convex YD 7D 


What is the relationship when two types of lenses are 
combined together, i.e. between the total power of the 
combined lenses and it^ two individual powers. 
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(c) Two convex lenses of 5 D each are combined together. 
What will be the focal length of this combination ? 


How did you do it ? 


SIMPLE PENDULUM PROBLEM 


lam showing you a Simple pendulum. The number of 
swings this pendulum makes may depend upon 


1. The length of the pendulum. You can measure its 
length. d 


2. The length of the Swing sideways. You can change 
this amount of swing by starting the bob from different posi- 
tions which can be marked on the floor. 


3. Weight of the bob. You can weigh it. 


4. The length of time for which this pendulum swings. 
You can read time from your watch. 


Your problem is to set up experiments to show which of 
the above factors 1 to 4 are important in timing and which 
are unimportant. How will you get rid of the above factors 
lto 4 one by one and make your judgment on each one. 
I will write down the first step for you. 


First Step 


To get rid of the length of the pendulum, I would perform 
the following experiment. 


Experiment 1 


I would geta length of string with a ball on it. I will 
measure its length on a ruler. I will hang it up, pull the bob 
to one side and count the number of swings it makes in one 


the bob for Swinging. 
use the same bob, re 
point and again count 
minute. I would write 
now shorten the length 
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the same marked point, and record the number of swings it 
makes in one minute. Now I have to make a conclusion. I know 
all the three counts. If the three counts are different then I will 
say that different lengths give different number of swings in 
one minute. If the three counts are the same then I would 
say that length does not affect the number of swings in one 
minute. Thus I would know the effect of length on the 
number of swings of my pendulum. 

Now proceed to get rid of the following : 

(a) Weight of the bob 

(b) Volume of the bob z 

(c) Length (amount) of the swing sideways. 

Anything else that you require is supposed to be available. 


Results of the Study 
The results of the first part of the study indicated are: 


(a) Allthe problems were new and novel for practically 
all the students. Most of them were interesting to all. No: 
. body had done the whole problem earlier. 


(b) It is not true that the adolescent pupils do not make com- 
ments on the problem or, to put it more specifically, that they 
do not criticize the data. For example, in the beaker problem, 
Michael is advised to be more careful in future. There is 
evidence of a clear set of instructions for him. Extraneous 
considerations like painting the beakers, use of litmus papers 
and the chemical analysis of liquids are brought into the 
problem situation which are not in fact essential to the solu- 
tion of the problem at hand (vide Piaget). 

(c) There is a wide I.Q. Range (on 11--test) for both the 
successful and unsuccessful problem solver. This means that 
a low LQ. pupil may solve a problem successfully where a 
high I.Q. pupil may fail on the same problem. 


(d) There is a general tendency for adolescent pupils to 
appear to set-up hypotheses which they test against the data, 
A poor problem-solver appear to stick to one idea at a time 
and then ceases to think of alternative ideas. 
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(e) Schemas of Conservation (flask problem) and Popor- 
tion (refractive index problem, fish problem and lens problem) 
do not appear to be as well developed as we suppose them to 
be at 15-+(See Piaget and Inhelder). The reason may be that 
the conservation of volume and conservation of weight 
interacted (See the flask problem). Most of the pupils failed 
to analyse this problem even when multiple questions were 
added in the problem to help them answer its 

(f) Generalization to algebraic symbols. Though most 
of the pupils were not familiar with the algebraic symbols, 
they showed that they were capable of doing so in some 
cases. It was interesting that one can seein their attempts 

' the evidence of hypotheses that they had in fact considered, 
but had not mentioned specifically on the problem sheets 
e.g. changing feet into inches (see the refractive index 
problem). Secondly, when it comes to actual generaliza- 
tion, they concretize the symbol first. This again shows 
that the generalization to algebraic symbols comes out 
late in development as compared with ihe generalization on 
the quantitative data. 


(g) Mathematical thinking. Generalization to the algeb- 
raic symbols in a way involves mathematical thinking. The 
last part of the lens problem (free from algebraic symbols) 
demanded mathematical thinking of an elementary type. 60% 
of the the pupils had formed the basic concept to solve this 
problem from the data supplied but only 33% of them were 
able to apply the concept successfully. This again shows that 
mathematical thinking takes time to develop and all of them 
cannot equally apply the basic concepts that they had formed. 

( Factor analysis (Hotelling method) À correlation 
matrix was obtained for 17 different tests including nine 
different problems. The following were some of its main 
features. 


1. The correlation cofficients between age and all other 


variables (with the possible exception of arithmetic) were low 
and insignificant at 5% level. 


; All problems were positively correlated with intelligence, 
arithmetic and English. 
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3. All problems were positively correlated with each other. 


4. The correlation between self-confidence and malad- 
justment was negative (r— —:31) which is significant at 5% 
level. 


5. The correlations between electric circuit problem on 
the one hand and the refractive index problem and the two 
temperature scale problems were quite low and were insignifi- 
cant at 5% level. This is understandable because the former 
problem relates to mechanical experience and the other two 
problems deal with numbers only. This is also true when we 


consider the simple pendulum as well. ,, P 


6. Correlations between arithmeticand theabove-mention- 
ed number problems are high and significant, the former at 
1% level and the latter at 5% level. This argumént is further 
strengthened if we consider the fiask problem, lens problem 
and the fish problem as the ‘number’ problems only, the 
correlations being .51, .52 and .36 respectively which were 
significant at 1% level. 


We were interested in analysing the structure of the 
problems if this could be done at all. Correlations and factor 
loadings were computed by the London University Computer 
Unit. This was, therefore, the justification of the Hotelling 
method used. Outof the 10 factor loading, only the first 
four were found to be significant for the purpose of our 
analysis. These first four factor loadings with the brief 
descriptions of the variables under study are shown on next 


page. 
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It is easy to interpret factors Jo and IVo straightaway 
without any rotation, the former being attaiument and the 
latter being adjustment respectively. It is so because intelli- 
gence, English, arithmetic and all problems have high positive 
loadings on it whereas personality variables (self-confidence, 
persistence, maladjustment and interest in thing) have insigni- 
ficant loadings on the same factor, viz., Ip. The same argu- 
ment applies to factor IV». Factor loading up to :20 can be 
considered insignificant. 


In order to interpret the table from the psychological point 
of view, there was still. the necessity of rotating them. Two 
factors were rotated at a time i.e., Io and Io, L, and Ilo, and Jo 
and IVo, II and III, IIo and IVo and IIo and IVo. Rotation 
between [ and IV, appeared to be the best one in the sense 
that it showed a good cluster. Out of the many rotations made, 
the following rotations were selected finally. 


Rotating Angle of Result 
factors rotation ` factors 
(i) Jo and IV, 6° I4 and IV, 
(ii) T and Il, 19° I; and I; 
(iii) Ta and IIl, 19° I; and Ih 


The values for these factors after rotation are shown in the 
table below. The serial order is the same as above. 
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„Factor Loadings after rotation 


S. No. Is Il, Hh IV, 
1 -483 246 -668 —:026 
2 :00 | —:115 —:129 —011 
3 -647 | —'036 -320 —:009' 
4 :575 —171 +576 O15 

5 123 — +368 ° 348 477 : 
6 —:213 -243 -366 -691 
7 —:191 -666 272 —:496 
8 = 972 “167 -579 A87 
9 -654 ?-436 :042 -456 
10 615 —:247 -339 *015 
11 546 387 *016 —:013 
12 -571 -448 —'208 —:017 
13 -537 -462 271 -030 
14 -334 470 —"182 +312 
15 -785 —156 -052 — 112 
16 -721 —'235 -111 —-157 
17 -393 *682 *087 174 


Interpretation of factors 
After rotation, the faetors were then interpreted as 


follows :— I : ; 

(a) Attainment factor (I). Intelligence, arithmetic, 
English and all the problems have positive as well as high 
loadings on this factor. Self-confidence, maladjustment, 
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i i insignificant 
persistence, and interest in things have low and Duce = 
leadings on this factor. This factor can therefore be interp 
ted as an attainment factor. 


(b) Practical factor (IL), Flask problem, Spine nic 
problem, Lens problem, Electric circuit problem an E iud 
pendulum problem have high positive loadings on this a T 
These problems do demand some sort of mechanical experie E 
or they are in a way more of a practical nature. This is E 
supported by the fact that English, arithmetic and even ovs 
gence have very low (and largely insignificant) loadings on ima 
factor whereas personality variables have high loadings on. s 
factor. “his factor can therefore be interpreted as either 
mechanical experience or practical factor. 


(c) Interest factor (II). Next to intelligence, EG di 
things has the highest positive loading on this factor. A d 
‘problems mostly have insignificant loadings on this factor. Thi 
factor can therefore be interpreted as interest factor. 


(d) Adjustment factor (IV) self-confidence, d 
and adjustment have high loadings on this factor. The rest o: 
the variables i.e., English arithmetic, intelligence and most of 
the problems have insignificant loadings on this factor. This 
factor can therefore be interpreted as adjustment factor. 


Results from the main study 


In the second part of the study, individual approach was 
employed (already mentioned). The results of this part are now 
mentioned below : 

Analysis of Problem Solving Processes 


In studying the solving of problems, we are more concerned 
with the processes of thought than with products of thought. 
our major interest, then, is the way the various answers to a 
Series of test items in a particular problem are reached. As 
thinking processes are not open to direct observation and the 
various techniques available have their own advantages and 
disadvantages (vide Donaldson), one can only hope to know 
certain key points which map the route right from the presenta- 
tion of the problem to the moment the problem is finally 
solved. Here, we discuss the problem solving processes as 


—  . — 
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such by analysing all the problems used (electricity 'problem 
was dropped Because it turned out to be very easy when presents 
ed concretely) in our study in terms of the thinking processes 
needed to solve all the problems regardless of their type for the 
entire sample. Moreover, we will also consider the problem 
solving process in relation to hints and cues (given) and difficult 
words contained in various problems. 


Selection of problem solving processes 

~ In our study, we defined the problem solving processes as 
follows : ^ E 

(a) It is not simply addition, subtraction, multiplication Or 
division process only. 

(b) Within the context of the problem, its mastery is likely 
to lead to the solution of the problem. 

(c) It excludes from its scope stating reasons for answers 
reached or stating method of procedure. All verbal state- 
ments were excluded.. (Sce the problems) } 

(d) 1t is fundamental in character—each test item has been 
examined to determine whether it constitutes a problem solv-. 
ing process or not. 

(e) and lastly, [the number of problem solving processes 
should not be unnecessarily too large. 
pe of problem chosen, it has been 
roblem solving process which intui- 
to each other. These groups are 


Regardless of the ty 
possible to group certain p 
tively appeared to belong 
stated on next page. 
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Here, a single drop of frequency is of major interest to us. 
It is so becauce either the particular problem solving process 
is present or absent in view of its being the maximum possible 
performance on it by the pupil. Of course, the extent to 
which a particular problem solving process is present is not 
shown but when all the problem solving processes are seen 
together, the aggregate usage of a process demonstrated by an 
individual may lead us to assess the degree to which the 
required concept or schema exists. 


Now, the following findings emerge from the table. (Later 
on we will show fhat almost all the individuals share these 
responses):— > š 3 

(a) The7complex problem solving processes arise from 
simple problem solving processes. This shows out clearly why 
the calibration of a spring balance turns out to be the most 
difficult operation. It needs well-developed schema of 
categorization, summation, conservation and proportion. This 
is also true in the case of simple pendulum experiment where 
pupils are expected to set up control experiments to isolate 
and identify the relevant variables. The respective frequencies 
for the above two processes are 5 and 7 respectively. 


(b) Generalizations involving algebraic symbols come out 
late in development. 


(c) 11 problem solving processes relating to categoriza- 
tion, summation and range precede the schema of proportion. 
It means that the frequency falls from 31 to 18 before a 
problem solving process relating to the schema of proportion 
emerges. 

(d) Conservation of volume (flask experiment) comes 
after taking into account the weight of the beaker in the 
spring balance problem, the corresponding frequencies being 
14 and 13. 

(e) Seeing the second relationship in the case of the 
beaker experiment, mastery of the fixed count or time in the 
simple pendulum problem and taking into account the weight 
of the beaker while weighing 16 grams of salt in the case of 
the spring balance problem are the problem solving processes 
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which are quite allied to each other, the corresponding 
frequencies being 16, 15 and 14 respectively. 


(f) Lastly, the second problem solving process relating. 
to the schema of proportion emerges as soon as two other 
operations (seeing the third „relationship in the case of the 
Beaker problem and the conservation of volume in the case 
of the Flask experiment) have been attained, the correspond- 
ing frequencies being 13, 13 and 12 respectively. 


It is possible to interpret the whole table like this bz the 
outstanding conclusion that emerges is that the individual 
differences in probleri solving processes within a restricted 
age range (15 years) confirm and support Piaget in principle. 
This it true even when 


(a) The problems chosen are different; 
(b) No symbolic logic is employed for analysis; 


(c) When the procedure of analysis employed is different 
ie. our analysis is based on the presence or absence ofa 
particular problem solving process when all the problems are 
analysed into 35 problem solving processes; and 


(d) When intelligence and achievement vary sufficiently 
within a restricted age range. 


Guttman Analysis 


A proper criterion for testing the unidimensality of a scale 
or a test has been suggested by Guttman. According to him: 
“If a single, quantitative score is to represent, without ambi- 
guity, the behaviour of an individual on a group of items, 
then we must require that it be possible, knowing the indivi- 
duals score, to know his behaviour on each and every item in 
the group” (102). This is called the principle of reproducibi- 
lity which implies that two or more persons cannot have the 
same score by attempting different parts of the same test if 
this criterion is perfectly satisfied. 


The case of the development of thinking processes seemed 
to the writer to lend itself to Guttman processes of scaling 
the hypothesis involved would be that these thinking processes 
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develop undimensionally and that in a group of individuals, 
incomplete development of the thinking processes may be 
observed through the medium of their problem solving 
processes. We have computed the coefficient of reproduci 

bility in two different ways—by taking all the problem solving 
processes as such and secondly by grouping them on the 
principle that the problem solving processes that intuitively 
appeared to belong to each other should be grouped together: 
categorization, range conservation, summation, proportion 
and exelusion of variables (already referred). The two coeffi- 
cients of reproducibility came out to be 81% and 96.2% (90% 
suggested by Guttman for practical purpeses) which indirectly 
lent support to the stage concept of development is suggested 
by Piaget and Inhelder. 


Lastly, this leads to the hypothesis that the development 
of schemata at a particular age constitutes a scale. This. 
needs to be verified for all age ranges preferably by using the 
same problems which might be analysed into stages, schematas 
and thinking processes. The educational importance of such 
studies is immense because these studies will provide sufficient 
empirical information on the concept of assimilation. and 
accommodation (as suggested by Piaget and Inhelder) with 


age as the third dimension. 


Role of Hints and Cues 

From the practical point of view, a teacher needs informa- 
tion about the quality and quantity of help needed by the 
pupils. A different kind of study is needed to supply this 
type of information. However, our experience in this respect 
has been as follows: 


Hints and cues helped those who were vety close to the 
solution of the problem. Characteristic responses were: “I 
was already considering this. I was getting the hang of it 
like this, I was already thinking like this”. Sometimes the 
problem was solved even when a hint was being given. On 
the other hand, there were those who could not utilize the 
hint at all. For them, it may be repeated, reworded, reshown 
and even made concrete. o The characteristic responses in this 
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case were: “I do not see the point, you should have told me 
that the ruler is of some assistance, how car you find the 
thickness of the fish without the ruler, absolutely impossible, 
etc." They understood the hint but failed to apply it to the 
actual problem situation. 


At the end of the analysis, it appeared to us that these 
hints themselves constituted subconcepts which need to be 
mastered before the problem can be solved. Where this 
mastery of subconcepts does not exist, it is possible to find 
some cases where the cue itself may be transposed Yo the 
problem situation itself. There we found ourselves very close 
to Duncker when he said : 

“We can formulate the general proposition that a sugges- 
tion is the sooner understood or assimilated, the closer it 
approaches the genealogical line, already underdevelopment 
and within this line, nearer it is to the problem phase than in 
operation ; in short the more completely it is already anticipat- 
ed. This law is a^special case of a more general law which 
concerns not suggestions, in the narrow sense but (the material 
of thinking in general." 


Selz formulated as “a general law of anticipation" in the 
following manner: An operation succeeds the more quickly, 
the more the schematic anticipation of the solution approaches 
a complete investigation." It may be added here that studies 
of Reid and Marks (1951), Burnack and Moor (1956) and 
Maltzman, Eisman, Brooks and Smith (1956) also point out 
that all pupils cannot benefit equally from the hints and cues 
(43b, 46, 48, 50 and 51). 


Some Statistical Relationships 


We computed the correlations between problems and the 
other outside variables. The correlations with intelligence, 
arithmetic reasoning, understanding of the problem, confidence 
in the problem, difficulty of the problem and interest in the 
problem were .69, .51, .73, .71, —.60 and .44 respectively; 
the first five were found significant at 1 p.c. level and the 
last one at 5 p.c. level only. Other correlations with age 
(r— —.13), emotional stability (r= 4-.16), dominance (r=— .022), 

c 
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Co-operation (f*- —:069), dominance (r= 15), persistence 
(r= —:20), maladjustment (r— —:12) and interest in things 
(r—:27) were found insignificant both at 5 p.c. and 1 p.c. 
levels. 


Within a restricted age range, it is not an unexpected 
finding that problem solving processes correlate more with 
intellectual development than with age. In fact, its correlation 
with age is insignificant at 5 p.c. level. 

It is also understandable that arithmetic reasoning is needed 
in solving problems. The correlation co-efficient being :51- 
which is significant at 1 p.c. level. Test reactions (understaud- 
ing of the problem, confidence in the problem and interest in 
the problem) correlate significantly with probiem solving 
processes. These are immediate reactions to the presentation 
of the problems as a whole. They, therefore, play an important 
part in orienting the pupils to the problems as a whole. This 
finding is further reinforced, when the correlation coefficient 
between problem solving processes and the difficulty level is 
negative (r =—.60) and is highly significant at 1 p.c. level. 
Further, the correlation with interest in things is positive 
(r=+.27) which is insignificant both at 5 p.c. and 1 p.c. levels. 
The role of this factor may be contributory rather than sub- 
stantial in problem solving. Other correlations with emotional 
stability, dominance, co-operation, self-confidence, persistence 
were found quite low and insignificant, at 5 p.c. level. The 
reasons may be that our problems have been less task-oriented 
and consequently have not evoked these personality variables 
sufficiently well. This is only a guess or otherwise, our 
personality tests were only rough measures which were readily 
available as the supporting variables and possibly were not 
deep enough. Projective tests would have been ideal here. 


Role of difficult words 

Tt is difficult to study the role of difficult words in problem 
solving in our study especially when those words have inten- 
tionally been deleted from the problems (see the selection 
criteria). Nevertheless, a few words were still found difficult 
incidentally. The meaning of each such word was explained 
so that it did not interfere with their thinking. 
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Our experience, on the whole, showed that the poor 
problem solvers cannot hold the meaning of a difficult word 
for long. They, therefore, needed a bit more of explanation 
and repetition. These words made them a little tense and 
nervous butat the same time these difficult words did not 
appear to contribute to their poor performance. Not even one 
of them localized any difficult word when asked as the ‘ground 
of conflict? or trouble. The successful problem solvers, on 
the other hand, accepted the meaning of the word.once for 
all and then continued straightaway with the solving of the 
problem at hand. œ 


Differences between successful and unsuccessful problem solvers. 
Regardless of the groups (A, B, C or D), we chose eighteen 
pupils in all (about 58% of the whole sample) in two equal 
groups in such a way as to show substantial differences in 
problem solving processes. All the pupils in the score range 
of 4-10 and 25-35 were taken constituting two equal groups of 
unsuccessful and successful problem solvers. Then differences 


between means were tested on the following variables as shown 
in the table at page 147. 
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On the basis of our tests and within the Qontext of our 
problems, successful problem solvers differed from the un- 
successful problem solvers with respect to arithmetic reasoning, 
understanding of the problem, confidence in the problem, felt 
difficulty of the problem and interest shown in the problem on 
presentation. On the other hand, no significant differences at 
the usual levels were found with all the personality variables 
relating to emotional stability, dominance, cooperation, self- 
confidence, persistence and maladjustment. Additional evidence 
on some of the unsuccessful problem solvers only further 
showed that the unsuccessful problem solvers were below 
average in mechanical knowledge, mathematical knowledge 
and spatial perception. Further, in the light of the class 
teacher's opinion, all unsuccessful problem solvers except one 
were highly distractable, showed poor concentration and were 
not interested in school work at all. On the other hand, the 
successful problem solvers came from the groups À and B. 
They were working for their O and A levels in physics, chemistry, 


mathematics and biology and consequently evinced keen 
interest in school work. 


Summary 


It may be pointed out that we have only investigated certain 
key points in the thinking processes of our pupils. Therefore, 
the processes of thinking leading to these key points have 
remained unexamined especially for those highly successful 
problem solvers who gave correct answers to these problems. 
A certain type of uniformity appears in their solutions which 
is, however, deceptive. Even within this narrow approach, we 
did not have the feel that even only two of the subjects had 
shown the same problem solving behaviour. These individual 
differences, characteristic to each, remain covered under the 
crust of the Scoring key and selection of significant thought 
processes in relation to the specific aims of the problems under 
Study. Post test reactions to the problems (at the pilot stage) 
show vast individual differences when such reactions were 
intentionally invited. More arbitrary errors and extraneous 
considerations will enter into the problem situation if the 
problems are chosen which invite wrong responses. Koffka 


has suggested the use of such problems for investigating thought 
processes (45). 
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Suggestions for further research 


The investigation of thought processes is a piece of funda- 
mental research. which will explode our traditional concepts of 
educational norms either determined by heredity, experience 
(environment) or both. Cohen, Johnson, Vinacke, Duncan, 
Peel, Piaget, Inhelder and Watson etc., have pointed out the 
problems that still need to be answered in this area. Basically, 
it is a three-tier problem involving research in thought processes, 
method of teaching and subject matter objectives i.e., selection 
of basic concepts. Naturally a very broad frame of reference 
is needed to answer these questions which can only be built if 
there were already a good number of specific studies in this? 
area. The problems of the latter type are now mentioned 
below : 


1. Preparation of consolidated information and its critical 
appraisal relating to the definition of problem, selection of 
problem, type of problem and the content aspect of problem at 
various age levels. 


2. While discussing the responses of our pupils, we have 
felt some difficulty in distinguishing between concrete and 
formal thought. More definite information is needed for 
investigating the same problems over a wide age range. 


3. Further studies are needed to verify whether the develop- 
ment of schemata constitute a Guttman scale at other age 
ranges as well. 


4. Role of past experience in solving problems needs to 
be investigated. 


5. Relationships between problem solving and. personality 
variables (as many as possible) need yet to be mathematically 
determined and exactly established. A factorial approach 
could be helpful here. Further, it is possible to verify Piaget's 
concept of stages by including reference tests relating to human 
abilities like arithmetic reasoning, spatial visualization and 


mechanical reasoning etc. 


It may, however, be added that solutions to the above 


mentioned problems are interlinked with each other. 
° 
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Lastly, the whole field is full of problems, some real and 
others illusory. A future research worker should not feel 
inhibited in the light of past efforts or look upon faults in the 
problems as faults found in the rocks which are insuperable 
obstacles. He should strike with his hammer and penetrate 
deep with his drill. It is really about this that Plato spoke 
when he talked of “cutting at the joints" more than 2000 
years ago ! 


CHAPTER Ü 


Implications for Science Teaching 


e 


Mr. Polly went about the place considering the militant possi- 
bilities of pacific things—papers, copper sticks, garden implements, 
kitchen knives, garden nets, barbed wire, Oars, cloth-lines, 
blankets, pewter pots, stockings and broken bottles—at the Potwell 


inn to face Uncle Jim. 
(From the History of Mr. Polly by H. G. Wells.) 
° 


Science, by its very nature, is free from dogmas and sub- 
jectivity. Hence science concepts and principles are subject 
to modification and improvement in the light of new evidence 
collected by the succeeding research workers. The fundamental 
problem, therefore, for the psychologist, is to investigate 
assumptions underlying human thought processes and the 
factors influencing them so as to provide guidance and infor- 
mation of the practical type to teachers to enable them to 
approach their work with confidence while teaching science to 
the children. More specifically, they need to know of psy- 
chological foundations for the intellectual structures required 
in the subject of science itself and their methods of teaching 
throughout the school course in order to effect a maximum of 
educational development. In other words, they need infor- 
mation about what is too difficult or too easy, what concepts 
they should aim at inculcating in their pupils of a given age. In 
science, especially they need to know how to motivate pupils 
by finding topics and problems of interest to them. Unfortu- 
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nately, answer to these problems is not clear cut and is not 
likely to be given by any experimental study of this type. We, 
therefore, confine ourselves to those educational implications 
which only arise from our own study. The following points 
in this connection deserve special mention : 
1. Immediate Reactions to the Problem 
We have seen that undestanding of the problem, confi- 
dence shown in the problem, difficulty experienced and interest 
in the problem are positively and significantly correlated with: 
the scores on problem solving processes. This finding immedi- 
ately directs our attention to the selection of suitable problems 
‘for investigation. The, problems selected should be neither 
too easy nor too difficult. If they are too easy, then they are 
not problems at all. If they are too difficult, they are not 
likely to b» solved, and this could have many undesirable 


consequences in the lowering of both teacher and pupil moti- 
vations. 


2. Distinction between relevant and irrelevant variables 
At the research frontier, it is very difficult to distinguish 
between relevant and relevant variables. With this in mind, 
it is not possible (or even sensible) to introduce the ensuing 
educational anarchy which will result if problems whose solu- 
tions are not definitely known are presented to the pupils for 
investigation purposes. The workable proposition is that of 
analysing known problems in such a way as to develop what 
We can call *the mastery of the research operation’. Some of 
its characteristics are : Consideration of all possible variables 
(relevant and irrelevant), experimental attack of the problem 
first in contrast to the theoretical attack, suggestion of imagi- 
native approaches, Seeking testable hypotheses, full use of 
analogy, the critical examination of the demands and the given 
parts of the problem, guessing and tentative solutions etc. 
n nr v of VN experience and controlled experimenta- 
Bebe E i 3n tin making the maximum use of existing. 
ema as co i isiti ; 
ME Vor huy ISR. mpared with the acquisition and 
3. Role of Hints and Cues 


We have seen that hints and cues do not help all. These: 


themselves appear to be subconcepts Which need to be ma 


stered: 


o 


4 
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first. This points to the need of graded problems that should 
be kept at hand ‘so that the children are able to practise 
problem solving. 

4. Use of Programmed Techniques 


Whereas children could not structure our problems on their 
own, nevertheless, it is quite possible to lead them towards 
the structuring of these problems (see Flask Problem, Fish 
problem and Simple Pendulum problem). In this respect, use 
of programmed techniques may be quite helpful because it is 
possible to present the same probiem in its varied forms. 

5. Generalisation to algebraic symbols and mathematical 
thinking came out late in development: This is shown ir. our 
restricted age range. Thus advanced aspect of the subject 
matter needs to be tailored and stitched effectively and in fact 
it might be argued that highly abstract ideas should be left to 
those who are going to be future scientists and engineers. 
For the rest, what can be tackled with success, on the other 
hand, is the working out of those implications of science 
teaching which influence and modify significant spheres of 
human living. 

6. In our study, we have seen that there is general interest 
in problem solving (significant at 5% level). Here is the 
opportunity and possibility to foster and develop this interest 
by choosing those problems which demand thinking, provide 
challenges, provoke thought and test concepts that have been 
already developed. In this respect, even the children’s ques- 
tions and problems themselves can constitute interesting 
educational material for teaching purposes. Moreover, children 
love to make effective and intelligent use of their evolving 
concepts. When given guidance, help and encouragement, 
they can be led to suggest hypotheses (right or wrong, this is 
a form of brain - storming) or draw conclusions by setting up 


control experiments, think out reasons and feel a sense of 
achievement. 


7. The experience of Prof. Inhelder needs special mention 
at this point. Shesays that children can be made to discover 
things if they are presented with certain selected and planned 
problem situations opus illustrate a certain physical principle 
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orlaw. Itis then possible to introduce certain basic notions 
in physics and mathematics at much earlier age than hitherto 
considered. The only condition is that these notions “are 
divorced from their mathematical expression and studied 
through materials that the child can handle himself" (55). 
The analysis of these concrete situations (teaching situations) 
will go a long way towards seeing relationships by resolving 
the ensuing conflicts. It may be pointed out that the Geneva 
school also emphasizes the importance of inquiries made by 
groups which involve a social element (53 and 55). 


In this connection, we present below a progressive science 
lesson for problem solving based upon our study. No 
elaborate apparatus is needed because our adolescent pupils 
are capable of reacting to the absent situations. 


Read the Spring Balance problem as stated in the preceding 
chapter. Now consider the various responses that the author 
collected individually from the thirty-one pupils : 


(a) Weight of the beaker does not matter much. 
(b) Chop off one gram from 16 grams if you so desire. 


(c) What has the weight of the beaker to do with 16 grams 
of salt ? 

(d) Saltis then, I think, 15 grams or 14 grams. 

(e) You can weigh the beaker afterwards. 


(f£) Why should ruler and pencil come into the picture ? 
They can stay where they are. 


(g) I will hang ruler and pencil. 

(h) Let me find the weight of the ruler and pencil. It is 
six grams, I suppose (only a guess). 

(i) Take another spring balance. 

(J) I will weigh upto 10 grams and leave the rest. 

(k) Absolutely impossible with ruler and pencil. 


On examining these responses, it becomes evident that our 
pupils answer this problem in the way they first understand it. 
These are their partial attempts at solving this problem which 
do not solve the problem successfully. This is so because their 
schematas relating to Categorisation, Summation, Range, Con- 

T " 


IMPLICATIONS FOR SCIENCE TEACHING 155 


servation, Proportion and the Exclusion of Variables are not 
as much developed as they ought to be and that is why there 
is failure on their part to solve the problem. More specifically, 
this means that a good science teacher ought to analyse a 
complex problem situation into its very simple or elementary 
reasoning processes for his students so that they master them 
successfully. If this is done, then he can show the irrelevance 
of those responses to his pupils during discussion. They are 
thus educated through these irrelevant responses. This will 
become quite apparent if a complex problem containing a 
continuous chain of reasoning is presented to the students who 
are capable of solving it both concretely and formally over a 
wide age range. e T 

Let us now consider what happens when pupils grasp the 
essential of the problem. 

(a) For the beaker. Use 17 grams. Here the pupil is not 
influenced at all by the demand of the problem i.e., get 
16 grams of salt. Weight of the beaker has to be taken into 
account. > 


(b) Use ruler as a lever and pencil as a wedge. Here, the 
pupil knows that weight into weight arms equals the product 
of power and power arm. This is an ingenious solution to 
the problem which the author had not considered as one of 
the alternatives. But the solution is correct because it does 
solve the problem. 

(c) Extension is proportional to the weight stretching it. 
Mastery of this observation (process) immediately suggests 
the calibration of the spring balance and thus the ruler and 
the pencil are immediately utilised or their presence is imme- 
diately seen in the solution of the problem. 


It should be noted that this part of the problem is neither 
a puzzle nor an advanced trick. The whole problem situation 
is open to direct observation. Further, the problem hardly 
demands more than the simple, straightforward and observa- 
tion of this relationship —that increase in length of the spring 
is directly proportional to the stretching force. 


A science teacher can easily select a few worthwhile signi- 
ficant problems for investigation by his pupils. He can then 
s 
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plot their thinking processes on a two or three point scale by 
arranging both the students and the mastery‘of tbe underlying 
thinking processes in the descending order. Immediately, he 
will know the incomplete thinking processes attained by his 
pupils. The following will be an ideal situation. 


Analysis of Problem Solving Processes 


Problem Solving Processes 

Name of| Total _ 
the Pupil! Score 

1 Z j 3°] 4 S 

o | 
Sood 5 B P P P P 
Misra 4 P P P D = 
Shubh 3 P P Pop = — 
Kelkar 2 P P = 2 EN 
Saxsena 1 P — = = = 
Vijaya 0 IE = = zT = 


P stands for the problem solving process present in case of, 
say, Sood’s thinking. Dash (—) means that it is absent. 
Pupils above share the same responses to the various problem 
Solving processes regardless of their type. From the above 
table, it is very easy for the teacher to choose the appropriate 
learning situations so that his students master their incomplete 
concepts not only quickly but also effectively. 


The above is a positive approach in the analysis of our 
pupils’ thinking. Another approach would be to build a 
similar type of error table where the number of errors and the 
particular errors made could be shown. This is a bit more 


laborious. Over a couple of years, a teacher will be able to 
know the va. 


will also kn 


Know the sort of achievement he should expect from 
the variou * 


S categories of pupils—above average, average and 


rious errors that his students make at that age. He: 
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below averagb. For this analysis, no knowledge of psychology 
is needed. On the other hand, this is an empirical approach 
to develop a progressive lesson in science based upon the 
analysis of the student's responses. 


Secondly, it is also possible for a science teacher to invite 
questions and problems that arise in their student's mind. These 
problems can then be taken up for investigation. Thus it 
becomes possible for the science teacher to develop a worth- 
while and significant programme in general science which has 
relevance for his students. 


Thirdly, it is also possible for the science teacher (Ó set a 
very general oral question to his class : what are the uses of 
electricity to us? Pupils will talk of many applications which 
can be classified into Heating effects, Lighting effects, Chemical 
effects and Magnetic effects. They can be asked to draw the 
relevant diagrams which can be technically labelled as the 
lesson progresses. Then different methods of producing 
electricity can be asked and discussed. It is possible to de- 
monstrate most of the ideas here. Lastly, Magnetic lines of 
force, Ohm's Law, house wiring, electromagnets, electric bell 
and even electric motor models can be studied and constructed. 
The author tried this approach and it works wonders with the 
young enthusiasts. It is really tough to cope with the students’ 
enquiries but this sort of experience is worthwhile. 


Fourthly, it is also possible to improve our pupils' keenness 
of observation without the help of any elaborate apparatus. Here 
the emphasis is on the quality of experience which broadens 
and deepens the conceptual approach to science teaching. It is 
quite possible to elucidate the molecular theory in a simple but 
an effective way even to the young adolescent pupils with the 
help of a few boiling tubes, a few beakers, a bunsen burner, 
a thermometer, some sugar and salt, a little ice and a stand 
with a clamp. They can be then instructed to perform a 
series of simple experiments and record their own observations 
relating to the rise of temperature every minute, temperature 
of the boiling water with salt and without salt, temperature of 
the steam just above the liquid surface, formation of saturated 
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. . 
Solutions and investigate every other possible varfable. Points 


for discussion could easily be the three states of matter, satu- 
Tated solution and the appraisal of molecular theory when 
applied to boiling and freezing. With a little more experi- 
mentation, it is possible to add more to the discussion—for 
example, sublimation by heating iodine crystals and conden- 
sation by showing droplets on well-polished metallic pot 
Containing ice-cooled water. A lighted candle further elucidates 
the three states of matter ie, wax in this case. Lastly, a 
cold plate held over the lighted candle to collect “free carbon 
provides a good Startir2 point for discussing physical and 
chemicàl change" (103). 

The above are th 
for developing funct 
and interest etc. He 


€ approaches both in breadth and depth 
ional scientific knowledge, Skills, attitudes 
Te, the science teacher must set an example. 


fan example to his students the way he 
teaches science to them. He should critically examine himself 


what he emphasizes : the factual approach, the examination 


Science teaching. 
Evaluation 


This is not the proper 
evaluation. It will bi 
chair from the Shop, 
that the table is not 
either too low or to 
would fit. Both of 


place to attempt a rigid definition of 
€ only elucidated. You buy a table or 
and take it home. Your wife then says 


Suitable in the dining room because it is 
© high or it does not fit i 


n possibly for future use. Some value 
judgment (here utility) is involved. 


I teach mathematics to 
my class. Really Speaking, I have w. 
out the year. The inspector comes a 
my clas. My class, say, Y on this test. A value 
judgment on my profici 
inspector. 
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the year. He is a successful teacher and may be given a medal 
on the basis of his examination results. It is highly probable 
that his students cannot think for themselves when they are 
Biven a few new, novel and thought-provoking problems. 
Suppose they then get confused and later on leave all the 
problems in disgust to their teacher. Should science teacher work 
for this type of recognition? Take another case—a student 
has worked thoroughly well throughout the year. He fares 
badly in the annual examination. In the light of our own 
observation and opinion, the examination authority has faile 

to evaluate him properly. o z 


A mechanical examination encourages mechanical “teaching 
by the teachers and mechanical learning by the students. If 
tests demand more of rote memory, then we should be quite 
sure of producing good crammers. On the other hand, if the 
tests demand more of problem solving behaviour, we are sure 
to have individuals who can think for themselves effectively and 
independently as a result of our teaching. 


There are many questions that need to be investigated 
before we can understand fully the concept of evaluation. With 


reference to science teaching, each of us has to ask the following 
questions : 


(a) What do we aim at when various categories of children 


(above average, average and below average) come to us at 
school ? 


(b) What should be the possible organisation within the 
school to make the best possible use of our limited resources in 


order to obtain maximum of educational development at 
minimum of cost with minimum of materials ? 


(c) What could be the possible testing programme for our 
schools in order to base our educational policies and practices 
on objective data and what should be its main features ? 


(d) What sort of intentions should be built in the school 
time table ? 


(e) Should we assess the whole child or simply remain 
confined to the testing of a few definitions, descriptions, dia- 
grams and numericals etc., the old way or the new way—*'Are 
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the methods of assessment varied enough to cover the whole 
range of a candidate's abilities and potentialities" in various 
school subjects ? 


These are difficult questions but not at all impossible to 
answer and then act accordingly in direct proportion to one's 
strength of convictions. Only thus we can avoid one-sided 
thinking in evaluation : all statistics but no progress! There 
is really no harm if we have our own opinion on some of 
the questions mentioned. The evidence is accumulating, that 
chidren at a particular age are not at all capable of thinking at 
a fixer level. (See Piagu:, Vygotsky and Stendler). It is quite 
possible to change their norms of thinking because these are 
not at all static or fixed. By making a detailed inventory of 
thinking processes for our class, it is possible to choose suitable 
learning experiences and appropriate materials from as many 
diverse fields as possible and increase thereby the pressure of 
environmental learning in a manner like the concept of ‘Museum 
of Defects’ developed by an English psychologist before the 
second world war in Scotland in the area of spinning and 
weaving varied patterns where the existing role of heredity is 
shown to be of minimum importance so far as acquiring first 
class craftsmanship by the school leaver is concerned. Perhaps 


we should be ready for such similar shocks in our own trade in 
the near future. 


Coming to the track, it is clear that the evaluation could be 
helpful to us in so many ways—determining an effective 
and self-growing educational administration and school orga- 
nisation, effective realization of the educational objectives with 
the help of functional instructional materials and the develop- 
ment of suitable educational and vocational guidance pro- 
grammes based upon ability, aptitude, age etc. Like electro- 
nics, feed back here determined strictly on the basis of objec- 
tive data will make a big impact on our educational system. 

Measurement data on studen 
relation to the objectives. 
instructional objectives or the 
have kept in our view. 
given which will differ fr 


t(s) have relevance only in 
Tools are constructed to measure 
outcome of instruction which we 
Weightage to the objectivé can also be 
om place to place and at the same place, 


wass og 


IMPLICATIONS FOR SCIENCE TEACHING 161 


from one class of pupils to another. So there is nothing objec- 
tive about an Objective. On the other hand, it is subjectively 
determined because it is the teacher's job to make a basic 
decision on each of the outcomes for his various categories of 
students —what scientific vocabulary, facts, concepts, skills, 
interest and appreciations, what problem solving situations to 
devise and choose, what learning experiences and activities to 
plan and choose for each group? The problem does not end 
here, one can still subdivide these outcomes in concrete terms 
so that, detailed analysis, work and guidance become possible. 
For example, problem solving behaviour can be broken as 
follows :— 2 

(1) The pupil can analyse problems. 

(2) He can interpret given data. He can make generali- 


ez 


zations. 
(3) He can apply these generalizations to unknown 
situations. 


(4) He takes interest in solving advanced scientific problems. 

(5) In times of difficulty, he sets up hypotheses, tests each 
of them against the given data and reaches the final solution. 
He attempts to obtain organic solution (see Wertheimer and 
Duncker) to the problem fcom the first fundamentals which at 
times may be quite different from the solution given in the 
textbook. This emphasizes discovery approach to science 
teaching. For all the above aspects of problem solving, 
situations have to be thought out and then tested empirically 
in the classrooms. Those situations that yield results can be 
retained and others discarded or postponed for attack at a later 
stage. 

In this connection, a few suggestions of Dr. Hagen are quite 
helpful : 

(a) State the objective in terms of pupil behaviour. One 
can detail a large number of behaviours around even one 
object. 

(b) For the purpose of objectivity, consider only the overt 
behaviour. He also questions (functions) about things (natural 
phenomena) that he has observed is a good statement. 

S 
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(c) In each objective, there should be ‘one and only one 
process. © 


(d) Avoid value terms. Words such as ‘at all times, in any 


situation, continuously, always and perfectly? should be 
avoided. 


(e) Teaching and testing objectives should be more or less 
the same. 

Here, this author is of the opinion that the teaching objec- 
tives should go far beyond the testing objectives. (See the 
chapter on the outcomes of Science Education) (104-b).' 


Nobody will be impressed by the declaration of high sound- 
ing Objectives. A few objectives should be stated in realistic 
(practical) terms regardless of Dr. Bloom’s terminology and 
attempts be made to realize them. Otherwise, the objectives 
will remain solid on paper and melt in action. More specif- 
cally, this means that the particular statement of an objective 
should be related to its corresponding learning experience which 
should be too rich and varied in character. The variables in 
this situation would be : 


(a) Pupil—his C.A. and M.A. 
(b) Teacher's objectives and the pupil's objectives. 


(c) Learning experiences—includes scientific equipment as 
well. 


(d) Evaluation. 


It is becoming a fashion ora sign of up-to-dateness these 
days to (criticize essay type examinations. Too much of this 
criticism is misplaced for essay type examinations do foster 
freedom of thought, expression, creativity, depth of knowledge 
and also widen scope of knowledge. If one cares, one can also 
diagnose incorrect interpretations and partially understood 
concepts. Pupils also develop superior study habits. They 
eliminate guessing and lastly, they are easy to prepare. 

Further, 
that requir 
that they ki 
they easily 
by avoidin 


it is possible to improve the essay type of questions 
€ short answers by giving hints to the examinees so 
now what they are supposed to do and consequently 
organise their answers under the appropriate heads ; 
& vague vocabulary and phrases; by giving suitable 


d 
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weightage both to the educational objectives and the content 
to be tested ;?by making all questions compulsory as in the 
medical examinations so that the achievements can be mutually 
com pared and lastly by balancing all the questions in difficulty 
etc. Moreover, some training in taking essay type. examina- 
tions can also be given. 


If any essay type question is made highly specific or 
Structured, it tends to become a new type test item. In 
answering these test items, very little writing is involved: 
a word? a phrase, a tick and even underlining a particular 
word will do. These test items can also be based on given. 
data, diagrams and experiments. It "is also possible t-test 
a complex chain of reasoning by new type test items say in 
science, mathematics and even languages etc. Their main 
advantages are: representative sampling of the content and. 
abilities to be tested, useful for testing initial knowledge, diag- 
nostic work, remedial work, individualized selt-testing, objec- 
tive scoring, easy to score, highly reliable and increased vali- 
dity for some teaching objectives, eliminate bluffing and lastly 
they focus pupils’ attention on specific facts and abilities. The 
main danger against which we should guard ourselves is that 
superficial learning should"be reduced to the minimum possible. 
For us, the major challenge is that the quality of reasoning 
should be highly developed. We should rise above the contro- 
versy of objective and subjective scoring. We should look for 
quality or graded quality in our pupil's responses which inform 
us teachers about their conceptions and misconceptions, pro- 
blem solving behaviour, critical thinking, creative thinking and 
original thinking. These responses can be arranged in the 
descending order of quality. The very concept of scoring then 
changes because one does not mark them simply right or 
wrong. An agreed suitable weightage is then given to every 
response. 


Attainment of economy 


Jf we take an overall view, thinking along these lines will 
result in— 

(1) Balanced emphasis on first class objective of science 
education. = 
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(2) Increment in stimulation, satisfaction, functional under- 
standing the development of skills, attitudes, faterests, appre- 
ciations and the gradual growth of scientific temper so incons- 
picuous in our teaching. 


(3) Improved methods of teaching, concretization of 
abstract ideas through scientific equipment including A.V. aids 
and rich learning experiences as the whole science content will 
then become functional. 

i (4) The provision of rich and effective background pre- 
paration for diversified courses. 


(5) Minimum stress on memory. 


(C» The probable development of independent habit of 
thought and action, self-confidence and persistence. 

Lastly, in this well thought-out programme empirically 
tested in the classroom by the teacher in his own surroundings, 
the children will be handlinga process rather than the product 
of experience in a graded series of analysed and suitably 


selected science problems from the “appropriate and significant 
areas of human living (104). 


CHAPTER 7 


° Further Problems Ahead 


o 


In the preceding chapters, an attempt has been made to 
bring out in detail the outcomes of science education (func- 
tional understandings, skills, attitudes and appreciations etc.), 
the nature of thinking and problem solving (what thinking 
and problem solving are considered to be, logical steps in 
problem solving and illustration of problem solving), the various 
theoretical stand-points irf science teaching (Maltzman's theory 
and programmed learning, Productive thought and insight 
from Gestalt psychology, Piaget and Inhelder's constructive 
theory of learning, views on the acceleration of mental develop- 
ment and information processing etc. and we have then 
mentioned important researches on problem solving with 
special reference to science teaching including the experimental 
study of problem solving in science conducted by the author 
himself in London. Implications of teaching for problem solving 
in'science have been then pointed out in their various aspects 
for the benefit of our science teachers. However, understanding 
problem solving in science and teaching for it is a little problem 
in comparison with other moresignificant and potential 
problems that require to be attacked first. These problems 
are now briefly mentioned below : 


(a) We do not have clear cut commonly accepted as well as 


well-publicized statements of secondary education in terms of 
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behavioural objectives relevant at the school „level. School 
science is no exception in this respect. The statements so far 
made are too general and hence do not mean much when seen 
from the practical angle. IF they are properly understood and 
attempts are made to translate them into action, these then 
tend to make impossible demands both on the Science teacher 
and hislaboratory. For example, there is not much difference 
in the statement of aims and objectives of teaching general 
Science, physics, chemistry and biology at the higher secondary 
Stage. Upto the middle school, there is complete chaos both 
in the definition and content of general science. A deceptively 
successful effort found “in easier one, of course, appears to 
have been only in the direction of downgrading the content 
from the higher classes down to the jenior classes of the 
primary school. For up-to-dateness in content, science teachers 
from all over the country are being gradually oriented in 
Various programmes (BS. S! Co B SOS, etc.) which have 
little relevance for their daily work in the classroom. Lastly, 
the expenditure on science teaching is going up every year. A 
clear cut direction is needed here for avoiding waste and the 
danger of being over-ambitious. 

(b) This brings us close to the controversy of content-cuin- 
method that is going on in science education at the Regional 
Colleges of Education to-day. Making a student very strong 
in content (polishing Pebbles) at school is a misnomer if we 
simply change the content for the sake of change only for all 
Categories of pupils (above average, average and below average). 
Of course, explosion of knowledge affects and will continue to 
Dy many years. ‘A research paper 
e on its first appearance to-day,’ 
this reason alone, we have to look 
teaching science as a Process rather 


tion, comparison, contrast 
these ing i i icti 

S, Setting up B fication, prediction 
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in the light of new evidence. Case studies well illustrated in 
the history of science can prove to be ' quite handy in this 
respect if they are not taught in isolation as is done to-day 
even at some places abroad. 


From above, we can see that we do not have a clear concept , 
of science both as a product and process at the school stage. 
Children at the school stage are not introduced to the big ideas 
of science drawn freely from the significant areas of human 
living. On the other hand, we teach physics, chemistry «and 
biology—compartments of science. Children thus are not 
able to think scieütifically in the different areas of science. o 


(c) Good science teaching does not always demand expensive 
laboratories. lt is a dubicus assumption that an expensive 
laboratory will itself automatically upgrade science teaching 
in our country. Cheap materials, out of classroom teaching, 
effective use of the community resources, improvised and 
home made apparatuses may in fact do the whole trick for us. 
It is quite possible to "develop an effective course of school 
science based simply on demonstrations alone and then link 
these demonstrations to the theoreticalideas. Scientific ideas 
which are- expensive to teach can wait. Development of 
scientific skills also can wait. It then becomes feasible in the 
light of the above statement to break the artificial distinction 
between classroom teaching (theory) and the (so called) labo- 
ratory work without suffering any significant loss of standards 
in science teaching. Solving the entire problem along the line 
suggested above will generate its own alternatives and we can 
opt for one of them (according to our need) which suits our 
pocket and the category of students we plan to teach. 


» (d) It is possible for the teacher to establish an intelligent 
dialogue with the members of his class without requiring any 
expensive equipment at all and thus to maintain a reflective 
atmosphere in the class. This can be done in so many ways : 
asking some questions (new type; essay type and even research 
type only for the few), by showing students their faulty 
answers and rectifying them as far as possible with their help, 
by providing opportunities to the students to test their ideas 
and finding the consequences of these ideas for themselves 
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either through extra reading, extra experimentation at the 
Science corner or through both, by developing outlines for 
the new subject matter through joint planning, making 
summaries and encouraging student writing on certain themes 
through class project or a series of group projects and even 
individual projects, improved experience in neat expression 
(written and oral) and added experience in comparison, 
contrast classification, description and discrimination. This 
wili lead io the development of discussion technique asa 
refiective method of teaching based upon already classified 
and analysed data by the students. 


It-i3 always difficult to experiment with new ways of 
thinking and teaching—sometimes the results may be quite 
disastrous. In such situations, the science teacher needs 
sympathetic understanding both from his headmaster and the 
inspector—the one more conservative than the other in our 
country. Here the science teacher is likely to encounter many 
hurdles, some important of them being lack of communication 
from top to the bottom, rigid instructional tradition (conser- 
vative type), inability of the Students to accept freedom and 
different methods of work, lack of self-direction and unavaila- 
bility of expert advice on the teacher's part at some stage of 
his work, rigid Syllabus, nationalized text-books, inelastic 
examination and the absence of reform in the air etc, 


(e) There has been hardly any educational research in the 
area of science education worth the name to mention in our 


country even after independence. The reason for this is that 
research in science education hardly 


attention :— 


0) Investigations into the aims and objectives including 
philosophy of Science education. 
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quite comprehensive : integration of laboratory work and class- 
room instrüction (already suggested), preparation of work 
books and preparation of cheap teaching aids and their 
effective use etc. 


(3) Investigations into the methodology of teaching includ- 
ing training in scientific method under various conditions of 
teaching for different categories of students. 


(4) Identification and development of scientific’ talent 
including the development of scientific interest and attitudes, 
(5) Evaluation (and examination) in science. 
(6) Adminstration and supervisidh of science education. j 
(7) Guidance and Counselling (not excluding occupational 
information) in science. 


(8) Teacher training and the professional growth of science 
teachers. 


It may be pointed out that the above-mentioned problems 
overlap each other. So ‘the solutions to the above problems 
may be interlinked with each other. It is, therefore, suggested 
that the above problems may be formulated and reformulated 
more productively so as to yield results which contribute to the 
attainment of science teaching objectives in our country. 


We have yet to find a body of science teachers who are 
capable of doing outstanding work and service in our science 
education and press them for active service. On finding them, 
we need to give them a clear mandate for the job to be done. 
Their work and their worth need to be recognised and success 
well-publicized. They need to be given comparatively better 
opportunities up the ladder on the basis of their outstanding 
work alone. Let us remember that in direct proportion to their 
convictions, it is the few science teachers alone w ho maintain 


and will maintain high standards—even fea in 
science teaching in this country. Even was en 
exist, we have not given any status at all i eee ome S 
tion. Their work is now being ipsa s ose. Ühiversi 
professors and training college lecturers wi (Sda hate to teach .. 
at-school,sif given the option and the sam c * al ry for the fear 
of becoming the proverbial school master M Y ae now YP 8 
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grade— our science teaching by prescribing something (untried 
and unexamined) wonderful. They in fact intend to play only 
the role of advisers— a role not usually difficult to play. To add 
to this, there is another problem. With the establishment of 
higher secondary schools, we have injected a good number of 
postgraduate teachers (M.Sc. B.Ts/M.Eds.) in some states. 
The general experience there is that they are not at all inter- 
ested both academically and professionally in the improvement 
of school science. So far they have not at all contributed a 
bit—but who asked them? All bright ideas but no substantial 
progress ! : 

It is really our good luck that we are facing comparatively 
fewer problems than we should in the light of the confusion, 
created by the unsolved problems mentioned above. If this 
State of affairs continues for a decade or so, we will then 
Teally succeed in making a mess of the whole school science... 
like the five blind people who went to see the elephant abroad 
and came back home to reconstruct its image unsuccessfully 
and in their own way. Serious thinking in science education, 
which means teaching science effectively on the cheap, is yet 
to begin in our country. It is only after this first step that we 
will be able to build an Indian Tradition of Science Teaching 
in our country based upon the constructive imagination and 
collective efforts of a few outstanding science teachers and 
their followers over a large number of years. Without this 


vision, we will be lucky if we do not fail miserably in the next 
decade. 
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